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INTRODUCTION 
Soybean genotypes [Glycine max (L.) Merr.] differ in 
the amount of iron deficiency chlorosis expressed on calcare­
ous soils. There is continuous variation ranging from geno­
types that have leaf necrosis and plant mortality to those 
that remain completely green^ Classifying cultivars for their 
chlorosis expression is necessary for providing information 
to farmers (Clark et al., 1971), for selection in a breeding 
program, and for research studies. 
The total area of potentially susceptible calcareous 
soil types for northern Iowa and southern Minnesota is ap­
proximately 700,000 ha, of which 350,000 ha are planted to 
soybeans each year (deMooy, 1972). 
Inheritance of iron utilization in soybeans on calcare­
ous soils was reported by Weiss (1943) to be controlled by a 
single gene with the allele for resistance, Fg, dominant to 
the allele for susceptibility, fe. He indicated that the 
simplicity of the genetic control was remarkable considering 
the complex nature of mineral absorption and utilization 
in plants. He also indicated that some variation in iron 
efficiency was observed among inefficient varieties, but the 
effect of modifying genes was negligible in comparison with 
that of the major gene. Brown, Weber and Caldwell (1967) 
stated that Fg is dominant to ^  under field conditions, but 
may be modified by other factors. They did not provide any 
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data, however, to support their statement. It is not possi­
ble to account for the Known range of chlorosis suscepti­
bility among soybean genotypes with a single major gene, 
unless modifying genes substantially influence its expression. 
Two procedures used to evaluate iron chlorosis symptoms 
are a visual score (Weiss, 1943; Clark et al., 1971) and a 
determination of chlorophyll concentration. Visual ratings 
are much faster than chlorophyll determinations; however, they 
are a subjective evaluation. The reliability of visual scores 
has not been compared with chlorophyll determinations for 
evaluating iron chlorosis symptoms. 
The objectives of this study were to evaluate the genetic 
control of iron chlorosis under field conditions and the use 
of visual scores, chlorophyll a, chlorophyll b, and total 
chlorophyll concentrations for assessing chlorosis expression. 
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LITERATURE REVIEW 
There is considerable variation in responses to mineral 
nutrient deficiency and toxicity between species and culti-
vars of plants (Epstein, 1972, cited by Carter et al., 1975). 
With soybeans, genotypic differences have been reported in 
tolerance to Fe deficiency (Weiss, 1943; Brown et al., 1967), 
P toxicity (Dunphy et al., 1968), salt toxicity (Abel and 
Mackenzie, 1964), and variation in susceptibility to Mn 
toxicity (Carter et al., 1975). 
A continuing supply of iron is essential to the welfare 
of green plants. Any factor that interferes with absorption 
or utilization of iron may cause the plant to become iron 
deficient and chlorotic. Iron chlorosis refers to the yel­
lowing of plants which can be alleviated by suitable iron 
compounds (Brown, 1961). Wallace and Lunt, 1960, cited by 
Brown (1961), mentioned the following causative factorsi 
(a) low iron supply; (b) calcium carbonate in soils; (c) bi­
carbonate in soil or irrigation water; (d) excess irrigation 
or high-water conditions; (e) high phosphate; (f) high levels 
of heavy metals, such as manganese, copper, and zinc; (g) low 
or high temperatures; (h) high light intensities; (i) high 
levels of nitrate nitrogen; (j) unbalanced cation ratios; 
(k) poor aeration; (1) certain organic matter additions to 
the soil; (m) viruses; and (n) root damage by nematodes or 
other organisms. 
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Growth medium and plant must be considered as factors 
in the development of iron chlorosis (Brown, 1961). Calcare­
ous soils, classified as Harps soils, with very low available 
phosphorus and potassium levels (Oschwald et al., 1977) favor 
the expression of chlorosis syiiç>toms. 
Striking differences in chlorosis typical of iron de­
ficiency were noted in 1938 among a considerable number of 
soybean cultivars when tested on calcareous soils after their 
introduction into the United States from Manchuria. Weiss 
(1943) reported that the inheritance of iron utilization was 
conditioned by a single major gene for efficiency-(Fe) that 
was dominant to inefficiency (J^). He used four efficient 
soybean cultivars, with chlorosis scores of 0 and 1, and six 
inefficient plant introductions with scores of 2 to 5. His 
conclusion was based on the performance of Fg and F^ popula­
tions from crosses between efficient x inefficient genotypes 
and backcrosses obtained with inefficient cultivars as recur­
rent parents. Progenies were classified as either efficient 
or inefficient according to the performance of the parents. 
In crossing efficient x efficient, only efficient F^^ plants 
were obtained. When inefficient x inefficient types were 
crossed, only inefficient progeny were obtained. His data 
indicated that all varieties possess one of two alleles at the 
single locus that determines the efficiency of iron utiliza­
tion. 
Plants differ in their response to an iron stress. The 
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response is adaptive in view of the fact that metabolic 
changes take place in the plant. Brown et al. (1967) studied 
the differential response in efficiency of iron utilization by 
using isolines developed from a cross between a soybean plant 
introduction, PI 54619-5-1, classified as inefficient and 
•Hawkeye' identified as efficient. They found a differential 
response in the iron-efficient soybeans. The Fe/Fe isoline 
was less efficient than Hawkeye, and this loss in efficiency 
was related to a loss in the ability of the isoline to reduce 
Fe^* to Fe^* at the root. They indicated that in addition 
to reduction of Fe^* by the root, nutrient solutions that had 
grown Havkeye soybeans reduced more Fe?* than nutrient solu­
tions in which PI soybeans had been grown. Brown and Ambler 
(1973) added the concentrated reductant to nutrient solutions 
and increased the amount of Fef* iron in solution, but this 
did not increase the uptake of Fef* by the plant. They 
postulated that something other than the reductant in nutrient 
solution seemed to be the controlling factor in the uptake of 
Fe?* by PI and Hawkeye soybeans. They believed the reductant 
could aid in releasing Fe from chelating agents to the root 
and that it could maintain Fef* in the reduced state in the 
root. 
Future investigations of the iron deficiency chlorosis 
problem may be approached from two different points of view; 
the causative factors of iron chlorosis may be recognized and 
alleviated, and cultivars resistant to iron chlorosis may be 
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developed (Brown, 1961). 
A number of Fe chelates have been introduced in recent 
years to alleviate iron chlorosis problems. These materials 
have some advantages for foliar applications and may have 
use in soil applications (Randall, 1975), The incorporation 
of sulfuric acid to the soil has been used to prevent iron 
deficiency. Sulfuric acid neutralizes calcium carbonate and 
decreases soil pH and makes iron more available to plants. 
For development of resistant cultivars, consideration 
must be given to the selection of appropriate breeding methods. 
The backcross method of breeding gives results that are both 
predictable and repeatable (Briggs and Knowles, 1967). It is 
a successful and precise method of adding a simply inherited 
trait tc an existing plant cultivar (Briggs and Allard, 1953). 
The essential value of backcrossing is that it provides 
a means of limiting the heterogeneity which would result from 
crosses between two types. It is possible to produce a 
cultivar similar to whichever of the two parents has the more 
valuable genetic constitution, yet containing desirable char­
acters transferred from the other parent (Knight, 1945). If 
a heterozygous population is continuously backcrossed to one 
of the homozygous parents, homozygosity is attained at the 
same rate as if self-fertilization is employed, and it can be 
calculated from the following formulai 
2^ — 1 Proportion of homozygosity = ——= 
2" 
7 
where m is the number of backcrosses used (Briggs, 1935). 
Three basic requirements of backcross breeding are men­
tioned by Briggs and Allard (1953); a satisfactory recurrent 
parent must exist, it must be possible to retain a worthwhile 
intensity of the character under transfer through several 
backcrosses, and the genotype of the recurrent parent must 
be reconstituted by a reasonable number of backcrosses 
executed with populations of manageable size. 
Evidence is available concerning backcross improvement 
in complexly inherited characters where success requires the 
transfer of several genes. In most of the papers reviewed, 
the genetic situation, although more complex than that for 
a qualitative character, has not been as complex as it was 
first assumed. 
Suneson (1947) transferred earliness and short straw 
from 'Ramona* to 'Baart* wheat. During the backcrosses, it 
became apparent that most of the difference between the 
parents was governed in each case by one or two major genes 
and only a small portion by minor or modifying genes. 
Knott and Talukdar (1971) successfully transferred high 
seed weight from 'Selkirk' to 'Thatcher' spring wheat by 
backcrossing. After the first backcross to Thatcher, three 
generations of selfing were allowed to permit the recovery of 
heavy-seeded plants, and families that appeared homozygous 
for heavy seeds were selected in F^. The Fg lines were then 
used for two further backcrosses to Thatcher and the selection 
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process repeated. 
Meredith (1977) evaluated the backcross breeding method 
for cotton as a means of producing populations with desirable 
combinations of lint yield and fiber strength. He assumed 
that genes conditioning yield would be maintained through the 
recurrent parent and genes for fiber strength, considered to 
be a quantitative trait, would be maintained by the selection 
procedure. He found that the backcross populations were not 
equal in fiber strength to the donor parent, but the char­
acter was maintained at a satisfactory level, He concluded 
that backcrossing is a desirable method to obtain improved 
genetic combinations of yield and fiber strength in cotton. 
He suggests also that a relatively small number of major 
genes may be conditioning fiber strength. 
Rinke and Sentz (1961) applied the backcross breeding 
method in an attempt to obtain earlier inbred lines in corn 
that could be used to produce earlier hybrids with superior 
plant and yield characteristics. They approached the program 
in the following way: plants of early x late crosses were 
selfed and approximately 500 F2 plants per cross were grown. 
Fifteen of the earliest silking F2 plants in each population 
were backcrossed to the late parent, and were grown in 
progeny rows the next season. In each generation, the 10 
earliest silking plants in the three earliest progeny rows 
were selfed or backcrossed. They have shown it is possible 
to obtain earlier, extremely vigorous, high yielding inbreds 
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with exceptional combining ability for yield by such a back-
crossing program. 
Duvick (1974) used continuous backcrossing and selection 
in each generation of plants with more than one ear to convert 
a one-eared inbred line of corn into a prolific line. Pro­
lificacy seemed to be controlled by relatively few genes in 
his study. He obtained selections that were more prolific 
than the original inbreds, and concluded that it "is possible 
to transfer, in part, a quantitative trait by means of con­
tinued backcrossing while selecting for the partial expression 
of genes determining the trait." 
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MATERIALS AND METHODS 
A resistant and susceptible cultivar were chosen for 
this study on the basis of performance in Iowa tests on 
calcareous Harps soils (Clark et al., 1971). IVR EX-5003, 
abbreviated herein as 15003, was an experimental line of 
Group I maturity obtained from Improved Variety Research, 
Inc., Adel, Iowa. It had the best chlorosis resistance of 
entries in the Iowa test. 'Anoka' (Lambert, 1971) was an 
unrelated cultivar of Group I maturity that had the most 
severe chlorosis symptoms of current cultivars. 
Lines were derived from the F2 generation of Anoka x 
15003, four backcross generations with 15003 as the recurrent 
parent, and one backcross generation with Anoka as the recur­
rent parent. The cross of Anoka x 15003 was made at Isabela, 
Puerto Rico, in February 1975. F^^ plants were grown at Ames 
in the summer of 1975 and 70 BC^ seeds were obtained for Anoka 
x 15003^, designated I5003BC^, and Anoka^ x 15003, designated 
AnokaBC^. F2 seeds harvested from the F^ plants were placed 
in cold storage. No further backcrosses were obtained with 
Anoka. 
For the second backcross to 15003, designated iSiOOGBCg, 
at least four BCgF^ seeds were obtained on each of 60 BC^F^ 
plants at Isabela during December 1975. Each BC^F^ plant and 
the BC^F2 and BCgF^ seed from it was identified with a family 
number. The family structure was maintained during subsequent 
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backcrosses, so that the lineage of each backcross line could 
be identified in the final evaluation. 
The third backcross, designated ISOOSBC^» was obtained 
at Isabela during February 1976, At least four BC^F^ seeds 
were obtained on one BC2F^ plant in each family, and the BCgFg 
seeds from the plant were harvested. The fourth backcross, 
designated I5003BC^, was obtained at Ames during the summer 
of 1976. At least four BC^F^ seeds were obtained on one 
BCgF^ plant in each family, and the BC^Fg seeds from the 
plant were harvested. The BC^F^ seeds and 120 F^ seeds were 
planted at Isabela in October 1976. One random BC^F^ plant 
was harvested from each family. Sixty Fg plants also were 
harvested individually. In all backcross generations, the 
recurrent parent was used as male parent. 
Seed from plants of the F2 and all backcross generations 
were increased with seed of the parents at Isabela during 
January to May of 1977. Fifty seeds from each plant were 
grown in a single row and each row was harvested in bulk. 
A test of 400 entries was planted on May 13, 1977 at 
Ames and Knierim, Iowa on Harps soil where chlorosis syn^toms 
had been expressed consistently in previous years. Soil pH 
was 7.4 at Ames and 7.9 at Knierim. 
The 400 entries consisted of 60 F2-derived lines in the 
F^, 60 AnokaBC^F^-derived lines in the F^, 60 I5003BC^F^-
derived lines in the Fg, 60 I5003BC2F^-derived lines in the 
F^» 60 l5003BC2F^-derived lines in the Fg, 60 I5003BC^F^-
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derived lines in the F^» eight duplicate samples of 15003, 
Anoka, amd three check cultivars. The three check cultivars, 
•Amsoy 71', •Corsoy', and 'Hawkeye* were chosen to represent 
cultivars with intermediate chlorosis resistance to that of 
15003 and Anoka. 
The 400 entries were subdivided into four sets of 100 
entries to reduce the effects of soil heterogeneity on the 
comparison of family means across backcross generations. Each 
set included four backcross generations from 15 families with 
15003 as recurrent parent, 15 Anoka BC^ lines, 15 Fg lines, 
and two samples each of Anoka, 15003, and the three check 
cultivars. The four sets were randomized as blocks in three 
replications at each location. The 100 entries within each 
set were randomized as a 10 x 10 lattice design. Single-row 
plots 1.5 m long with 68 cm between rows were planted with 
40 seeds of an entry. 
Chlorosis symptoms were rated by visual scores and total 
chlorophyll concentration. Visual scores were based on 
yellowing of the first trifoliolate leaves when they were 
fully developed (Féhr et al., 1971). The ratings were 1 no 
yellowing, 2 slight yellowing, 3 moderate yellowing, 4 intense 
yellowing, and 5 severe yellowing with some necrosis. Plots 
were rated as an average of the plants to the nearest 0.5 
score. 
Leaves were harvested for chlorophyll extraction the day 
after scores were assigned. The first trifoliolate leaf was 
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harvested from the first lO plants in each plot, placed in a 
plastic bag, stored in an ice chest, and transported to the 
laboratory. A leaf disc was obtained with a cork borer of 9 
mm diameter from the middle leaflet of each of the 10 leaves. 
The discs were placed in a test tube and 10 ml of 80% acetone 
were added. The solution was heated in a water bath at 65 C 
for 10 min, then 80% acetone was added to bring the total 
volume to 25 ml and left 12 hours in the dark before taking 
readings. 
Absorbancy readings for chlorophyll a and chlorophyll b 
were taken on two Spectronic 20 Bausch & Lomb spectrophotome­
ters; one set at 663 mu for chlorophyll a and the other at 
645 mu for chlorophyll b. Chlorophyll a, chlorophyll b and 
total chlorophyll concentrations in mg/1 were confuted with 
equations derived by Arnon as cited by Bruinsma (1963). 
Ca = 12.7 Agg2 ~ 2.7 A^^g 
Cb = 22.9 Ag^g - 4.7 Agg^ 
Cab = 20.2 Ag^g + 8.0 Aggg 
where Ca = chlorophyll a, Cb = chlorophyll b, and Cab = total 
chlorophyll. 
The data from each set were analyzed separately as a 
lattice design, and adjusted entry means were obtained for 
visual scores, chlorophyll a, chlorophyll b and total chloro­
phyll concentrations at each location and combined, as de­
scribed by Cochran and Cox (1957). 
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Parents and checks common to the four sets were used to 
estimate differences among sets. Sets were considered as 
whole plots and parents and checks as subplots. No signifi­
cant differences were observed among sets for any character; 
therefore» sets were ignored and the 400 entries analyzed as 
randomized complete block design. Lines within generations 
and locations were considered random effects and parents and 
checks fixed effects. 
The model was* 
Yijk = % + Ai + B.j + C% + AC.^ + Gijk 
where t 
y. = chlorosis score or chlorophyll concentration of 1JK 
the k^^ entry in the replication in the i^ 
location 
p. = population mean 
= i^^ location; i = 1 to 2 
j = replication within the i^ location; j = 1 to 3 
Cj^ = k^^ entry; k = 1 to 400 
AC^j^ = interaction effect of the k^^ entry with the i^ 
location 
e^j^ = residual 
A four number code was used to identify generations, 
recurrent parent used, and family number, in the following 
manner* 
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Generations Code 
BC^ 1 
BC2 2 
BC3 3 
BC4 4 
^2 5 
Parents 6 
Checks 7 
Recurrent parent 
Anoka 1 
15003 2 
Family number 1 to 60 
For example, ISOOSBCgF^-S was coded as 2205 and AnokaBC^F^-60 
vas coded as 1160. 
Components of variance were obtained from the analysis of 
2 
variance (Table 1). For example, <^g22 (Genetic variance com­
ponent for generation 32) was equal to 
Mean square value for 32 - Mean square value for 32 x location 
r X 1 
A frequency distribution for each generation was calcu­
lated for visual scores and chlorophyll concentrations. Entry 
means were the average of six observations (3 replications x 
2 locations). The range of visual scores was divided into 
eight classes of 0.5 score each, the precision used to 
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Table 1. Expected mean squares combined over locations vhen 
parents and checks were considered fixed effects, 
and locations and lines within generations as 
random effects 
Source of variation Expected mean squares^ 
Entry 
Among generations 
Within generations 
11 + 
™11XL + rlOll 
12 + 
"12XL + rloîz 
22 + + rl(j22 
32 + 
z*32xL + 
42 + 
"42xL + 
52 + 
z*52xL + 
61 + + 
62 + 
"lao. + 
70 + + 
Entry x location 
Among generation x location 
Within generation x location 
^r = number of replications and 1 = number of locations* 
17 
Table 1. (Continued) 
Source of variation Expected mean squares 
2 2 Generation 11 x location cj^ + ~^ilxL 
2 2 12 X location + ra 
Residual e 
12xL 
2 2 22 X location + ra 22xL 
2 2 32 X location a_ + rcj 32xL 
2 2 42 X location a_ + ra 42x1, 
2 2 52 X location a_ + ra 52xL 
2 2 61 X location a_ + ra 61xL 
2 2 52 X location a_ + ra 62xL 
2 2 70 X location a_ + ra 
e " ""70x1, 
2 
visually rate chlorosis symptoms. For chlorophyll concentra­
tion, observations were assigned to 10 classes. 
Simple correlation coefficients as described by Snedecor 
and Cochran (1967) were calculated between visual scores and 
chlorophyll characters. 
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RESULTS 
Inheritance of Iron Deficiency Chlorosis 
Visual chlorosis scores, chlorophyll a, chlorophyll b and 
total chlorophyll concentrations for parents, checks, Fg and 
backcross generations at Ames, Knierim and combined across 
locations are presented in Tables 2 to 9. 
The frequency distribution for visual chlorosis scores 
of the F2 lines was continuous within the range of the parents 
and bimodal (Figure 1, Table lO). The two most frequent 
classes for the Fg lines were the same as the most frequent 
classes for the parents. The distribution of the Fg lines 
based on total chlorophyll concentration was continuous with 
a mode intermediate to the parents (Figure 2, Table 11). For 
both traits the frequency of lines similar to the recurrent 
parent increased with each generation of backcrossing. 
The distribution of lines in each generation was evalu­
ated under the assumption that chlorosis resistance was con­
trolled by a single major gene, as proposed by Weiss (1943). 
Lines with a visual chlorosis score or total chlorophyll con­
centration within the range of 15003 were classified as 
homozygous resistant, those within the range of Anoka as 
homozygous susceptible, and those with intermediate scores as 
segregating. The expected classes were based on a 1:2*1 
ratio in the F2. Expected frequency for the homozygous 
parental types in the backcross generations were calculated 
Table 2. Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations for samples of 15003 and Anoka 
at Ames (A), Knierim (K), and combined across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com 
15003-1 1.5 2.2 1.8 3.1 2.1 2.6 2.4 1.5 2.0 5.5 3.6 4.6 
-2 2.0 3.2 2.6 2.9 1.7 2.3 2.1 1.4 1.8 4.9 3.0 4.0 
-3 1.5 2.5 2.0 3.6 2.2 2.9 3.0 1.5 2.2 6.7 3.7 5.2 
-4 1.5 3.0 2.2 3.4 2.4 2.9 2.5 1.6 2.0 5.9 4.0 5.0 
-5 1.6 3.5 2.6 4.0 2.4 3.2 3.2 1.7 2.4 7.2 4.2 5.7 
-6 1.1 2.6 1.8 2.8 2.7 2.8 2.4 1.9 2.2 5.2 4.7 5.0 
-7 1.7 2.4 2.0 3.1 2.1 2.6 2.4 1.5 2.0 5.5 3.5 4.5 
-8 1.8 2.5 2.2 2.9 2.1 2.5 2.3 1.6 2.0 5.2 3.6 4.4 
X 1.6 2.7 2.2 w
 
to
 
2.2 2.7 2.5 1.6 2.1 5.8 3.8 00
 
Anoka-1 4.8 4.5 4.6 0.6 1.2 0.9 0.4 1.0 0.7 1.0 2.2 1.6 
-2 5.0 4.8 4.9 0.7 0.9 0.8 0.7 0.7 0.7 1.3 1.6 1.4 
-3 5.0 4.7 4.8 0.9 0.9 0.9 0.7 0.7 0.7 1.6 1.7 1.6 
-4 5.0 4.6 4.8 0.9 0.9 0.9 0.7 0.7 0.7 1.5 1.5 1.5 
-5 5.0 4.5 4.8 0.9 0.9 0.9 0.8 0.6 0.8 1.6 1.6 1.6 
-6 5.0 4.5 4.8 0.7 0.8 0.8 0.6 0.6 0.6 1.3 1.4 1.4 
-7 5.0 4.9 5.0 1.2 1.1 1.2 1.0 0.9 1.0 2.1 1.9 2.0 
-8 5.0 5.0 5.0 0.9 0.9 0.9 0.8 0.8 0.8 1.8 1.7 1.8 
X 5.0 4.7 
00 
o
 
00
 
1.0 0.9 0.7 0.8 0.8 1.5 1.7 1.6 
Table 3. Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations for eight samples of Hawkeye, 
Amsoy 71 and Corsoy cultivars at Ames (A), Knierim (K), and combined 
across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com 
Hawkeye-1 1.8 3.5 2.6 1.5 1.1 1.3 1.3 0.9 1.1 2.8 1.9 2.4 
-2 1.7 4.7 3.2 1.5 1.1 1.3 1.3 0.9 1.1 2.8 2.0 2.4 
-3 2.5 3.5 3.0 2.0 1.2 1.6 1.7 0.9 1.3 3.7 2.0 2.8 
-4 2.3 3.7 3.0 2.5 1.5 2.0 1.8 1.2 1.5 4.3 2.7 3.5 
-5 2.3 3.6 3.0 1.9 2.1 2.0 1.5 2.0 1.8 3.4 4.1 3.8 
-6 2.5 3.3 2.9 2.1 1.8 2.0 1.4 1.4 1.4 3.5 3.2 3.4 
-7 2.3 3.8 3.0 2.2 1.7 2.0 1.4 1.4 1.4 3.6 3.1 3.4 
-8 2.2 3.8 3.0 2.3 2.6 2.4 1.7 1.8 1.8 4.0 4.3 4.2 
X 2.2 3.7 3.0 2.0 1.6 1.8 1.5 1.3 1.4 3.5 2.9 3.2 
Amsoy 71-1 3.0 3.3 3.2 2.5 2.7 2.6 2.0 2.0 2.0 4.5 4.7 4.6 
-2 2.8 3.5 3.2 2,9 1.6 2.2 2.3 1.1 1.7 5.2 2.7 4.0 
-3 3.0 4.5 3.8 3.5 1.2 2.4 2.6 0.9 1.8 6.0 2.1 4.0 
-4 3.7 3.9 3.8 2.5 1.5 2.0 1.8 1.2 1.5 4.2 2.8 3.5 
-5 3.0 3.8 3.4 2.7 1.7 2.2 2.2 1.5 1.8 4.8 3.2 4.0 
-6 3.4 4.7 4.0 2.6 1.4 2.0 1.9 1.0 1.4 4.4 2.4 3.4 
-7 2.3 4.2 3.2 3.3 2.0 2.6 2.7 1.5 2.1 6.1 3.5 4.8 
-8 2.8 3.9 3.4 3.7 1.3 2.5 2.2 0.9 1.6 5.9 2.3 4.1 
X 3.0 4.0 3.5 3.0 1.8 2.4 2.2 1.3 1.7 5.1 3.0 4.0 
Table 3. (Continued) 
Entry 
Vs Ca Cb Cab 
A K Corn. A K Com. A K Com. A K Com 
Corsoy-1 4.3 3.7 4.0 1.4 1.2 1.3 1.1 0.9 1.0 2.5 2.1 2.3 
-2 4.3 5.0 4.6 0.9 0.6 0.8 1.0 0.5 0.8 2.0 1.1 1.6 
-3 4.3 4.8 4.6 1.5 0.6 1.0 1.2 0.5 0.8 2.7 1.0 1.8 
-4 4.7 5.0 4.8 1.7 0.6 1.2 1.4 0.4 0.9 3.1 1.0 2.0 
-5 4.9 4.9 4.9 1.2 0.9 1.0 0.9 0.7 0.8 2.1 1.6 1.8 
-6 3.7 4.9 4.3 2.1 0.7 1.4 1.6 0.6 1.1 3.7 1.4 2.6 
-7 4.5 4.9 4.7 2.3 1.0 1.6 1.3 0.8 1.0 3.6 1.7 2.6 
— 8 4.0 5.0 4.5 2.4 1.1 1.8 1.7 0.9 1.3 4.2 2.0 3.1 
X 4.3 00
 
4.6 1.7 
CO o
 1.2 1.3 0.7 1.0 3.0 1.5 2.2 
w 
H 
Table 4. Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations for lines at Ames (A), 
Knierim (K), and combined across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com 
FV-301 4.8 4.6 4.7 0.7 1.7 1.2 0.8 1.4 1.1 1.5 3.1 2.3 
-302 2.4 3.5 3.0 2.7 1.4 2.0 2.0 1.1 1.6 4.7 2.5 3.6 
-303 2.3 3.2 2.8 3.3 2.0 2.6 2.1 1.5 1.8 5.5 3.5 4.5 
-304 5.0 4.7 4.8 1.0 1.2 1.1 1.0 0.9 1.0 2.0 2.1 2.0 
-306 2.3 3.5 2.9 1.9 1.5 1.7 1.8 1.2 1.5 3.7 2.7 3.2 
-307 4.3 4.6 4.4 1.7 1.1 1.4 1.2 0.6 0.9 2.9 1.7 2.3 
-308 3.8 3.8 3.8 1.3 1.8 1.6 1.3 1.3 1.3 2.6 3.1 2.8 
-309 1.7 2.5 2.1 2.9 1.8 2.4 2.2 1.4 1.8 5.1 3.2 4.2 
-310 1.6 3.7 2.6 2.6 1.0 1.8 2.1 0.9 1.5 4.7 1.9 3.3 
-312 3.2 3.8 3.5 1.9 2.5 2.2 1.5 2.0 1.8 3.4 4.4 3.9 
-313 1.7 2.3 2.0 2.2 3.0 2.6 1.5 2.0 1.8 3.7 5.0 4.4 
-314 2.2 3.0 2.6 2.4 2.2 2.3 1.6 1.5 1.6 4.0 3.7 3.8 
-315 4.6 4.6 4.6 1.3 0.9 1.1 1.1 0.7 0.9 2.4 1.5 2.0 
-316 2.7 3.3 3.0 2.9 1.2 2.0 2.2 1.0 1.6 5.1 2.2 3.6 
-317 4.5 4.3 4.4 1.1 1.0 1.0 0.9 0.8 0.8 2.0 1.9 2.0 
-319 5.0 4.9 5.0 0.9 0.7 0.8 0.6 0.6 0.6 1.6 1.3 1.4 
-320 4.7 4.6 4.7 2.2 1.4 1.8 1.5 1.0 1.2 3.7 2.4 3.0 
-321 4.7 4.2 4.4 1.8 1.6 1.7 1.4 1.4 1.4 3.3 3.0 3.2 
-322 3.3 3.7 3.5 2.5 1.7 2.1 1.7 1.3 1.5 4.2 3.0 3.6 
-323 5.0 5.0 5.0 0.8 0.6 0.7 0.6 0.6 0.6 1.4 1.2 1.3 
-324 2.0 2,8 2.4 3.4 1.9 2.6 2.5 1.3 1.9 5.9 3.2 4.6 
-325 4.5 4.5 4.5 2.0 1.3 1.6 1.4 0.9 1.2 3.4 2.2 2.8 
-326 4.2 4.2 4.2 2.2 1.8 2.0 1.5 1.3 1.4 3.7 3.1 3.4 
-327 3.5 3.9 3.7 2.6 1.3 2.0 1.4 1.0 1.2 4.0 2.3 3.2 
-328 5.0 5.0 5.0 0.9 0.7 0.8 0.9 0.6 0.8 1.8 1.3 1.6 
-329 4.8 4.7 4.8 2.1 1.1 1.6 1.4 0.9 1.2 3.5 2.0 2.8 
-331 3. 8 4.4 4.1 2.0 1.0 1.5 1.3 0.9 1.1 3.2 1.9 2.6 
-332 3.8 3.4 3.6 2.7 1.9 2.3 1.3 1.3 1.3 4.1 3.2 3.6 
Table 4, (Continued) 
Vg Sâ_ 
Entry A K Com* A K 
F--333 3.5 3.4 3.4 3.0 2.0 
-334 4.8 4.5 4.6 1.4 0.8 
-337 4.8 4.4 4.6 1.0 0.9 
-338 1.5 2.0 1.8 2.3 2.9 
-339 3.0 3.2 3.1 2.1 2.4 
-340 4.8 4.5 4.6 1.6 1.2 
-341 4.7 3.6 4.2 2.8 1.8 
-342 4.7 4.5 4.6 2.5 1.4 
-343 3.2 4.0 3.6 2.2 1.4 
-344 2.0 2.8 2.4 2.9 2.5 
-345 4,4 4.2 4.3 2*2 2.1 
-346 5.0 4.9 5.0 0.9 0.9 
-348 2.5 2.9 2.7 3.0 2.3 
-351 4.8 4.5 4.6 1.6 1.4 
-352 4.2 4.2 4.2 1.9 1.8 
-353 1.5 3.2 2.4 3.6 2.1 
-354 2.3 3.7 3.0 3.2 1.5 
-356 2.2 3.0 2.6 3.4 2.2 
-357 4.5 4.2 4.4 2.4 1.7 
-358 1.7 2.3 2.0 3.1 2.2 
-359 1.2 2.3 1.8 .3.6 2.2 
-360 1.2 2.3 1.8 3.2 2.5 
-362 4.7 4.7 4.7 1.9 1.2 
-363 4.5 4.2 4.4 2.2 1.7 
-364 1.7 2.7 2.2 4.0 2.2 
-365 1.5 2.4 2.0 4.0 2.5 
-366 1.3 2.5 1.9 3.1 2.5 
-367 4.5 4.4 4.5 2.3 1.0 
-368 1.5 2.6 2.0 3.5 2.4 
Cb Cab 
Com. A K Com* A K Com. 
2.5 2.2 1.5 1.8 5.1 3.4 4.2 
1.1 1.0 0.6 0.8 2.4 1.4 1.9 
1.0 1.0 0.8 0.9 2.0 1.7 1.8 
2.6 1.9 2.1 2.0 4.2 5.1 4.6 
2.2 1.5 1.7 1.6 3.5 4.1 3.8 
1.4 1.0 1.0 1.0 2.7 2.2 2.4 
2.3 1.9 1.4 1.6 4.7 3.2 4.0 
2.0 1.8 1.2 1.5 4.3 2.7 3.5 
1.8 1.7 1.0 1.4 4.0 2.4 3.2 
2.7 2.1 2.0 2.0 5.0 4.5 4.7 
2.2 1.4 2.4 1.9 3.5 4.4 4.0 
0.9 0.6 0.8 0.7 1.5 1.6 1.6 
2.6 2.3 1.8 2.0 5.4 4.1 4.8 
1.5 0.9 1.0 1.0 2.5 2.4 2.4 
1.8 1.7 1.4 1.6 3.7 3.2 3.4 
2.8 2.8 1.6 2.2 6.4 3.7 5.0 
2.4 2.2 1.2 1.7 5.4 2.7 4.0 
2.8 2.5 1.6 2.0 5.9 3.9 4.9 
2.0 1.9 1.6 1.8 4.3 3.3 3.8 
2.6 3.1 1.6 2.4 6.2 3.8 5.0 
2.9 3.1 1.7 2.4 6.7 3.9 5.3 
2.8 2.4 2.1 2.2 5.6 4.6 5.1 
1.6 1.4 0.9 1.2 3.3 2.2 2.8 
2.0 1.8 1.1 1.4 4.1 2.7 3.4 
3.1 3.1 1.9 2.5 7.0 4.0 5.5 
3.2 2.9 1.8 2.4 6.9 4.2 5.6 
2.8 2.1 1.7 1.9 5.2 4.2 4.7 
1.6 1.6 0.7 1.2 4.0 1.8 2.9 
3.0 2.8 1.8 2.3 6.4 4.2 5.3 
Table 4. (Continued) 
Vs Ca Cb Cab 
Entry A K Com. A K Com. A K Com. A K Com 
F-,-369 
-371 
-372 
3.7 
1.2 
4.7 
3.9 
3.1 
4.1 
3.8 
2.2 
4.4 
2.6 
3.2 
2.1 
1.7 
2.3 
2. 1 
2.2 
2.8 
2.2 
1.7 
2.2 
1.3 
1.2 
1.5 
1.8 
1.4 
1.8 
1.6 
4.3 
5.4 
3.4 
3.0 
3.8 
4.1 
3.6 
4.6 
3.8 
X 3.4 3.7 3.6 2.3 1.7 2.0 1.7 1.3 1.5 4.0 3.0 3.5 
Table 5. Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations of AnokaBC^ lines at Ames (A), w 
Knierim (K), and combined across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com. 
AnokaBC^F^ 
-1 4.6 5.0 4.8 0.8 0.9 0.8 0.9 0.8 0.8 1.7 1.6 1.7 
-2 4.7 4.2 4.4 0.7 1.6 1.2 0.7 1.1 0.9 1.4 2.7 2.0 
-3 4.8 5.0 4.9 0.7 0.6 0.6 0.7 0.5 0.6 1.4 1.2 1.3 
-4 4.3 4.8 4.6 1.0 0.7 0.8 1.1 0.6 0.8 2.1 1.3 1.7 
-6 5.0 5.0 5.0 1.0 0.9 1.0 0.5 0.6 0.6 1.5 1.5 1.5 
-7 4.0 4.5 4.2 1.5 1.1 1.3 1.1 0.9 1.0 2.6 2.0 2.3 
-8 5.0 4.7 4.8 0.4 1.1 0.8 0.4 0.8 0.6 0.8 1.9 1.4 
-9 3.3 4.5 3,9 1.7 1.4 1.6 1.5 1.1 1.3 3.2 2.5 2.8 
-10 3.9 4.0 4.0 1.5 1.9 1.7 1.2 1.2 1.2 2.8 3.1 3.0 
-12 4.2 4.7 4.4 2.0 1.1 1.6 1.4 1.0 1.2 3.4 2.0 2.7 
Table 5, (Continued) 
Entry A K Com. A K 
•1^1 
-13 3.5 3.2 3.4 1.7 1.7 
-14 5.0 5.0 5.0 0.6 1.3 
-15 4.0 4.3 4.2 1.8 2.1 
-16 4.8 4.4 4.6 1.4 1.5 
-17 4.5 5.0 4.8 1.1 1.0 
-19 1.7 2.5 2.1 3.0 2.4 
-20 5.0 5.0 5.0 0.7 0.6 
-21 5.0 4.8 4.9 0.9 0.7 
-22 5.0 4.8 4.9 1.2 0.6 
-23 4.3 4.3 4.3 2.0 1.3 
-24 4.8 5.0 4.9 0.8 0.8 
-25 5.0 4.7 4.8 1.2 0.6 
-26 4.5 4.7 4.6 1.6 1.0 
-27 3.8 4.3 4.0 2.1 1.4 
-28 4.7 4.0 4.4 1.9 1.3 
-29 4.0 4.7 4.4 2.1 1.4 
-31 4.3 3.8 4.0 1.9 1.2 
-32 4.5 4.1 4.3 2.3 1.1 
-33 5.0 5.0 5.0 1.0 0.7 
-34 5.0 4.8 4.9 0.8 0.7 
-37 4.5 4.2 4.4 1.8 1.8 
-38 4.5 4.6 4.6 1.9 2.2 
-39 4.7 4.2 4.4 1.7 1.3 
-40 5.0 4.9 5.0 1.0 1.1 
-41 4.6 4.8 4.7 1.6 1.4 
-42 5.0 5.0 5.0 1.0 1.0 
-43 5.0 4.7 4.8 0.8 1.0 
-44 5.0 5.0 5.0 1.1 0.9 
-45 3.5 4.0 3.8 2.3 1.6 
Cb Cab 
Com. A K Com. A K Com. 
1.7 
1.0 
2.0 
1.4 
1.0 
2.7 
0.6 
0.8 
0.9 
1.6 
0 . 8  
0.9 
1.3 
1.8 
1.6 
1.8 
1.6 
1.7 
0.8 
0.8 
1.8 
2.0 
1.5 
1.0 
1.5 
1.0 
0.9 
1.0 
1.3 
0.4 
1.4 
1.1 
1.2 
2.6 
0.7 
0.8 
0.9 
1.5 
0.7 
0.9 
1.1 
1.3 
1.2 
1.8 
1.4 
1.8 
0.8 
0.7 
1.5 
1.6 
1.3 
0.9 
1.3 
0.6 
0.4 
0.4 
1.2 
0.9 
1.5 
1.1 
0.9 
1.6 
0.6 
0.5 
0.4 
1.1 
0.6 
0.5 
0.7 
1.0 
1.1 
1.0 
0.9 
0.7 
0.6 
0.6 
1.4 
1.6 
1.1 
0.9 
1.1 
0.8 
0.8 
0.8 
1.2 
0.6 
1.4 
1.1 
1.0 
2.1 
0.6 
0.6 
0.6 
1.3 
0.6 
0.7 
0.9 
1.2 
1.2 
1.4 
1.2 
1.2 
0.7 
0.6  
1.4 
1.6 
1.2 
0.9 
1.2 
0.7 
0.6 
0.6 
3.0 
1.1 
3.2 
2.5 
2 . 2  
5.6 
1.4 
1.7 
2.1 
3.4 
1.5 
2.0 
2.7 
3.4 
3.1 
4.0 
3.3 
4.1 
1.8 
1.5 
3.3 
3.5 
2.9 
2.0 
3.0 
1.6 
1.1 
1.4 
3.0 
2 . 2  
3.5 
2.7 
1.8 
4.0 
1.1 
1.2 
1.0 
2.4 
1.4 
1.1 
1.7 
2.4 
2.5 
2.4 
2.1 
1.8 
1.3 
1.3 
3.3 
3.9 
2.3 
2.0 
2.4 
1.8 
1.8 
1.6 
3.0 
1.6 
3.4 
2 .6  
2.0 
4.8 
1.2 
1.4 
1.6 
2.9 
1.5 
1.6 
2 . 2  
2.9 
2.8 
3.2 
2.7 
3.0 
1.6 
1.4 
3.3 
3.7 
2.6 
2.0 
2.7 
1.7 
1.4 
1.5 
Table 5, (Continued) 
Vg Ça Çb Cab 
Entry A K Com. A K Com. A K Com. A K Com. 
AnokaBC 1^1 
—46 5.0 4.5 4.8 0.7 0.7 0.7 0.7 0.7 0.7 1.4 1.4 1.4 
—48 5.0 4.7 4.8 0.9 1.0 1.0 0.7 0.8 0.8 1.6 1.8 1.7 
-51 4.0 4.6 4.3 2.2 2.4 2.3 1.6 1.8 1.7 3.8 4.2 4.0 
-52 5.0 4.8 4.9 0.9 1.0 1.0 0.7 0.8 0.8 1.5 1.8 1.6 
-53 4.2 4.2 4.2 2.0 1.7 1.8 1.2 1.3 1.2 3.2 3.0 3.1 
-54 4.3 4.1 4.2 2.1 2.1 2.1 1.6 1.2 1.4 3.7 3.4 3.6 
-56 4.0 4.5 4.2 2.7 1.7 2.2 1.7 1.4 1.6 4.5 3.3 3.9 
-57 5.0 4.8 4.9 1.0 1.2 1.1 0.9 1.0 1.0 1.9 2.3 2.1 
-58 2.8 4.0 3.4 3.4 1.9 2.6 2.8 1.5 2.2 6.2 3.4 4.8 
-59 5.0 4.5 4.8 1.5 1.0 1.2 1.2 0.8 1.0 2.8 1.8 2.3 
-60 5.0 4.6 4.8 1.0 0.7 0.8 0.7 0.7 0.7 1.7 1.4 1.6 
-62 5.0 4.8 4.9 0.9 1.1 1.0 0.9 0.9 0.9 1.8 1.9 1.8 
-63 3.7 3.8 3.8 2.1 2.3 2.2 1.6 2.0 1.8 3.7 4.2 4.0 
-64 5.0 4.5 4.8 1.3 1.1 1.2 0.9 0.8 0.8 2.2 1.9 2.0 
-65 4.2 4.1 4.2 2.6 2.1 2.4 2.0 1.4 1.7 4.6 3.5 4.0 
-66 5.0 4.9 5.0 1.0 1.3 1.2 0.7 1.1 0.9 1.7 2.3 2.0 
-67 5.0 5.0 5.0 1.2 1.2 1.2 1.1 0.9 1.0 2.3 2.0 2.2 
— 68 5.0 4.5 4.8 1.4 1.1 1.2 1.1 1.0 1.0 2.5 2.0 2.2 
-69 5.0 4.6 4.8 1.0 1.0 1.0 0.6 0.8 0.7 1.6 1.9 1.8 
-71 4.8 4.1 4.4 1.9 1.7 1.8 1.4 1.5 1.4 3.4 3.3 3.4 
-72 5.0 4.7 4.8 1.4 1.1 1.2 1.1 1.0 1.0 2.5 2.1 2.3 
4.5 4.5 4.5 1.5 1.3 1.4 1.1 1.0 1.0 2.6 2.3 2.4 
Ni 
en 
Table 6. Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
^ and total chlorophyll (Cab) concentrations of I5003BCjl lines at Ames (A), 
Knierim (K), and combined across locations 
Vs £a Qh Cab 
Entry A K Com, A K Com. A K Com. A K Com. 
I5003BCiFi 
-1 3 . 7  4 . 3  4 . 0  2 . 0  1 . 0  1 . 5  1 . 6  0 . 8  1 . 2  3 . 6  1 . 8  2 . 7  
- 2  2 . 0  2 . 3  2 . 2  2 . 9  1 . 8  2 . 4  1 . 9  1 . 4  1 . 6  4 . 8  3 . 3  4 . 0  
- 3  3 . 0  3 . 8  3 . 4  2 . 0  1 . 4  1 . 7  1 . 8  1 . 0  1 . 4  3 . 8  2 . 4  3 . 1  
- 4  3 . 9  3 . 7  3 . 7  2 . 0  1 . 5  1 . 8  1 . 6  1 . 1  1 . 4  3 . 7  2 . 6  3 . 2  
- 6  3 . 5  3 . 2  3 . 3  1 . 9  2 . 1  2 . 0  1 . 6  1 . 4  1 . 5  3 . 5  3 . 5  3 . 5  
- 7  2 . 0  2 . 2  2 . 1  2 . 6  2 . 9  2 . 8  1 . 9  2 . 0  2 . 0  4 . 5  5 . 0  4 . 8  
- 8  1 . 2  2 . 8  2 . 0  3 . 3  1 . 9  2 . 6  2 . 2  1 . 4  1 . 8  5 . 5  3 . 3  4 . 4  
- 9  1 . 5  2 . 0  1 . 8  3 . 0  2 . 9  3 . 0  2 . 2  2 . 0  2 . 1  5 . 1  4 . 9  5 . 0  
-10 3 . 5  3 . 8  3 . 7  1 . 7  3 . 1  2 . 4  1 . 2  2 . 2  1 . 7  2 . 9  5 . 3  4 . 1  
-12 1 . 7  2 . 0  1 . 9  2 . 8  2 . 2  2 . 5  2 . 0  1 . 6  1 . 8  4 . 8  3 . 8  4 . 3  
-13 3 . 7  4 . 8  4 . 2  1 . 8  1 . 2  1 . 5  1 . 3  1 . 0  1 . 2  3 . 1  2 . 2  2 . 6  
-14 3 . 8  3 . 3  3 . 6  2 . 3  1 . 9  2 . 1  2 . 0  1 . 3  1 . 6  4 . 3  3 . 2  3 . 8  
-15 3 . 5  3 . 5  3 . 5  2 . 4  2 . 2  2 . 3  1 . 7  1 . 4  1 . 6  4 . 2  3 . 7  4 . 0  
-16 3 . 3  3 . 8  3 . 6  2 . 2  1 . 6  1 . 9  1 . 7  1 . 3  1 . 5  3 . 9  2 . 9  3 . 4  
-17 1 . 5  2 . 5  2 . 0  2 . 8  3 . 0  2 . 9  2 . 3  2 . 1  2 . 2  5 . 1  5 . 2  5 . 2  
-19 2 . 2  3 . 3  2 . 8  3 . 2  1 . 6  2 . 4  2 . 3  1 . 2  1 . 8  5 . 6  2 . 8  4 . 2  
-20 4 . 5  3 . 3  3 . 9  2 . 1  1 . 8  2 . 0  1 . 6  1 . 3  1 . 4  3 . 8  3 . 1  3 . 4  
-21 2 . 0  2 . 8  2 . 4  3 . 0  2 . 0  2 . 5  2 . 5  1 . 4  2 . 0  5 . 5  3 . 4  4 . 4  
-22 1 . 7  2 . 3  2 . 0  3 . 3  2 . 6  3 . 0  2 . 8  1 . 9  2 . 4  6 . 1  4 . 5  5 . 3  
-23 3 . 7  3 . 8  3 . 8  2 . 0  1 . 4  1 . 7  1 . 4  1 . 2  1 . 3  3 . 4  2 . 6  3 . 0  
-24 3 . 2  3 . 2  3 . 2  2 . 8  2 . 1  2 . 4  2 . 2  1 . 5  1 . 8  5 . 1  3 . 6  4 . 4  
-25 3 . 5  3 . 3  3 . 4  2 . 7  1 . 7  2 . 2  2 . 2  1 . 4  1 . 8  5 . 0  3 . X  4 . 0  
-26 4 . 2  3 . 5  3 . 8  2 . 4  2 . 0  2 . 2  1 . 8  1 . 3  1 . 6  4 . 2  3 . 2  3 . 7  
-27 3 . 3  3 . 7  3 . 5  3 . 0  1 . 8  2 . 4  2 . 2  1 . 4  1 . 8  5 . 2  3 . 2  4 . 2  
-28 3 . 3  3 . 4  3 . 4  2 . 2  1 . 3  1 . 8  1 . 7  1 . 0  1 . 4  4 . 0  2 . 3  3 . 2  
-29 1 . 5  3 . 0  2 . 2  3 . 2  1 . 6  2 . 4  2 . 4  1 . 3  1 . 8  5 . 6  3 . 0  4 . 3  
Table 6. (Continued) 
Entry A K Com, A K 
=1^ 
-31 1.8 2.5 2.2 3.5 2.1 
-32 1.2 2.6 1.9 3.3 2.1 
-.33 2.0 2.9 2.4 3.2 2.3 
-34 3.0 3.5 3.2 2.9 1.6 
-37 2.5 2.8 2.6 3.0 2.2 
-38 3.7 3.5 3.6 2.7 2.1 
-39 1.2 2.5 1.8 3,6 2.3 
-40 1.8 2.6 2.2 3.4 2.6 
-41 2.0 3.0 2.5 3.6 2.2 
-42 2.2 2.9 2.6 3.0 2.3 
-43 2.0 3.3 2.6 2.9 1.7 
-44 1.8 2.5 2,2 3.0 2.4 
-45 4.8 4.5 4.6 2.3 1.7 
-46 1.5 2.9 2.2 3.7 2.2 
—4 8 3.0 2.7 2.8 2.8 2.3 
-51 4.5 4.4 4.5 2.2 1.6 
-52 2.3 3.1 2.7 2.9 2.6 
-53 1.5 2.6 2.0 2.6 2.5 
-54 1.5 2.3 1.9 3.8 2.8 
-56 2.3 2.5 2.4 3.4 2.5 
-57 1.5 2.3 1.9 3.3 2.2 
-58 3.7 3.9 3.8 2.7 1.9 
-59 1.0 2.5 1.8 3,5 2,2 
— 60 1.5 3.0 2.2 3.8 0,7 
-62 2.0 3.2 2.6 3.0 3,6 
-63 3.8 4.1 4,0 2.7 1,8 
-64 3.8 4.1 4.0 2.1 1,6 
-65 2.0 2.9 2.4 3,3 2,1 
Cb Cab 
Com. K Com. K Com. 
2,8 2,5 1,6 2.0 6.0 3,6 4.8 
2,7 2,5 1,5 2.0 5.7 3,6 4.6 
2,8 2,3 1,6 2.0 5.5 3,9 4.7 
2,2 2,1 1,2 1.6 4.9 2,8 3.8 
2,6 2,3 1,6 2.0 5.3 3,9 4,6 
2,4 1,8 1,7 1.8 4,5 3,7 4,1 
3,0 2,7 1,7 2.2 6,4 4,0 5,2 
3.0 2.7 1.7 2.2 6,1 4.4 5,2 
2.9 2.7 1.6 2.2 6.4 3,7 5.0 
2.6 2.3 1.7 2.0 5,3 4,0 4,6 
2.3 2.4 1.3 1.8 5,3 3,0 4,2 
2.7 2.4 1.8 2.1 5,4 2,5 4,0 
2.0 1.3 2.1 1.7 3.6 3,8 3.7 
3,0 2.5 1.7 2,1 6.2 3,9 5,0 
2,6 2.5 1.9 2,2 5,3 4,2 4,8 
1,9 1.7 1.3 1,5 3,9 2,9 3,4 
2,8 2.2 1.9 2,0 5,2 4,5 4,8 
2,6 2.1 1.8 2.0 4.7 4.3 4.5 
3,3 2.8 2.0 2.4 6.6 4,8 5.7 
3,0 2.5 2.0 2.2 5.9 4,5 5.2 
2,8 2,7 1.4 2,0 5.9 3,5 4.7 
2,3 2,0 1.4 1,7 4,7 3,3 4,0 
2,8 2,8 1.6 2.2 6,3 3.7 5.0 
2,2 3,1 0,7 1,9 6,8 3.3 5,0 
3,3 2,3 2,4 2,4 5,3 2,7 4,0 
2,2 1,8 1,3 1,6 4,5 3.1 3,8 
1,8 1.7 1,3 1,5 3,8 3.0 3.4 
2,7 2,6 1,7 2.2 5,9 3.9 4.9 
Table 6. (Continued) 
Ms Sa Cb Cab 
Entry A K Com, A K Com. A K Com. A K Com. 
I5003BC 1^1 
— 66 2.3 3.4 2.8 3.1 2.4 2.8 2.4 1.8 2.1 5.5 4.2 5.8 
-67 1.2 2.7 2.0 3.2 2.1 2.6 2.2 1.4 1.8 5.5 3.4 4.4 
— 68 2.2 2.7 2.4 3.7 2.4 3.0 2.7 1.7 2.2 6.3 4.1 5.2 
-69 1.7 2.3 2.0 4.2 2.4 3.3 3.3 1.7 2.5 7.5 4.1 5.2 
-71 3.8 4.3 4.0 2.7 1.3 2.0 2.3 1.1 1.7 5.0 2.4 3.7 
-72 3.3 3.5 3.4 2.9 2.0 2.4 2.3 1.5 1.9 5.2 3.6 4.4 
2.6 3.1 
CM 
2.9 2.0 2.5 2.2 1.5 1.8 5.0 3.5 4.3 
K) 
to 
Table 7, Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations of ISOOSBC? lines at Ames (A), 
Knierim (K), and combined across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com 
I5003BC2F^ 
-1 2.0 3.3 2.6 2.8 1.2 2.0 2.7 0.9 1.8 5.5 2.1 3.8 
-2 1.7 1.8 1.8 2.9 2.4 2.6 2.1 1.9 2.0 5.0 4.3 4.6 
-3 3.0 3.8 3.4 1.9 1.6 1.8 1.4 1.2 1.3 3.3 2.8 3.0 
-4 3.9 2.8 3.4 2.6 3.0 2.8 2.2 2.0 2.1 4.7 5.0 4.8 
-6 3.5 3.5 3.5 2.2 1.4 1.8 1.8 1.0 1.4 4.0 2.4 3.2 
-7 ,1.5 3.0 2.2 3.1 1.8 2.4 2.3 2.2 2.2 5.3 4.0 4.6 
— 8 1.2 3.2 2.2 2.9 2.4 2.6 2.0 1.7 1.8 4.9 4.1 4.5 
Table 7, (Continued) 
Entry A K Com. A K 
2 1 
-9 1.5 2.2 1.8 2.8 2.5 
-10 2.8 3.0 2.9 2.4 3.4 
-12 1.7 3.0 2.4 2.9 1.9 
-13 3.8 3.0 3.4 1.8 2.0 
-14 1.7 3.0 2.4 2.9 1.7 
-15 3.5 4.0 3.8 2.7 2.5 
-16 3.2 3.5 3.4 2.1 2.8 
-17 1.2 2.2 1.7 3.6 3.3 
-19 1.7 2.7 2.2 3.6 1.9 
-20 2.0 3.2 2;6 3.2 2.0 
-21 2.2 2.9 2.6 3.3 2.9 
-22 2.0 2.9 2.4 2.6 2.0 
-23 4.0 3.5 3.8 2.6 1.9 
-24 3.8 3.8 3.8 2.4 2.0 
-25 2.2 2.6 2.4 3.6 1.9 
-26 1.7 2.7 2.2 3.6 1.8 
-27 3.8 4.1 4.0 2.4 1.3 
-28 2.3 2.9 2.6 3.3 1.9 
-29 1.5 2.6 2.0 3.5 2.4 
-31 1.8 2.9 2.4 3.2 1.8 
-32 2.0 2.9 2.4 3.2 2.6 
-33 1.5 2.2 1.8 3.3 2.5 
4.2 3.5 3.8 2.4 1.8 
-37 2.0 2.6 2.3 3.4 2.5 
-38 4.0 3.4 3.7 2.8 2.6 
-39 1.3 2.5 1.9 3.4 2.1 
-40 1.7 2.3 2.0 3.1 2.3 
-41 1.7 2.8 2.2 3.7 2.3 
-42 1.3 2.9 2.1 3.0 1.8 
Çb Cab 
Com. A K Com. A K Com. 
2.6 2.2 1.8 2.0 5.0 4.4 4.7 
2.9 1.6 2.3 2.0 4.0 5.7 4.8 
2.4 2.2 1.4 1.8 5.1 3.3 4.2 
1.9 1.5 1.5 1.5 3.3 3.5 3.4 
2.3 2.4 1.3 1.8 5.3 3.0 4.2 
2.6 1.9 1.9 1.9 4.6 4.4 4.5 
2.4 1.6 2.0 1.8 3.7 4.7 4.2 
3.4 2.6 2.1 2.4 6.2 5.4 5.8 
2.8 2.6 1.5 2.0 6.2 3.4 4.8 
2.6 2.2 1.4 1.8 5.4 3.4 4.4 
3.1 2.5 2.0 2.2 5.8 4.9 5.4 
2.3 2.7 1.6 2.2 5.3 3.6 4.4 
2.2 1.8 1.5 1.6 4.5 3.4 4.0 
2.2 1.8 1.6 1.7 4.2 3.6 3.9 
2.8 2.4 1.3 1.8 6.0 3.2 4.6 
2.7 3.1 1.4 2.2 6.6 3.2 4.9 
1.8 1.3 0.9 1.1 3.7 2.1 2.9 
2.6 2.4 1.4 1.9 5.7 3.3 4.5 
3.0 2.5 1.9 2.2 6.0 4.3 5.2 
2.5 2.4 1.5 2.0 5.6 3.2 4.4 
2.9 2.5 2.0 2.2 5.7 4.6 5.2 
2.9 2.5 1.9 2.2 5.8 4.4 5.1 
2.1 2.1 1.4 1.8 4.5 3.1 3.8 
3.0 2.5 1.9 2.2 5.9 4.4 5.2 
2.7 2.2 2.0 2.1 5.0 4.6 4.8 
2.8 2.8 1.7 2.2 6.3 3.8 5.0 
2.7 2.3 1.9 2.1 5.4 4.2 4.8 
3.0 2.8 1.6 2.2 6.5 3.9 5.2 
2.4 2.51 1.3 1.9 5.5 3.1 4.3 
Table 7. (Continued) 
Entry 
Vs Ca Cb Cab 
A K Corn. A K Com. A K Com. A K Com. 
ISOOSBCgF^ 
-43 1.8 2.5 2.2 3.4 2.0 2.7 2.5 1.6 2.0 5.8 3.6 4.7 
-44 2.5 3.2 2.8 2.8 2.8 2.8 2.0 1.9 2.0 4.7 4.7 4.7 
-45 2.0 2.8 2.4 2.7 2.0 2.4 2.3 1.6 2.0 4.9 3.6 4.2 
—46 1.8 2.4 2.1 3.2 2.2 2.7 2.6 1.7 2.2 5.8 3.9 4.8 
—48 1.3 2.7 2.0 3.5 2.3 2.9 2.5 1.7 2.1 6.1 4.0 5.0 
-51 2.0 2.8 2u4 3.1 2.3 2.7 2.5 1.6 2.0 5.6 3.9 4.8 
-52 1.8 2.8 2.3 3.2 2.2 2.7 2.4 1.9 2.2 5.6 4.2 4.9 
-53 1.7 3.2 2.4 2.6 2.1 2.4 2.2 1.6 1.9 4.8 3.7 4.2 
-54 1.9 2.5 2.2 3.3 2.9 3.1 2.6 2.0 2.3 6.0 4.9 5.4 
-56 1.3 2.1 1.7 3.7 2.4 3.0 2.9 1.7 2.3 6.6 4.1 5.4 
-57 2.0 2.9 2.4 3.2 2.1 2.6 2.4 1.6 2.0 5.6 3.7 4.6 
-58 4.2 4.2 4.2 2.4 1.7 2.0 1.9 1.3 1.6 4.3 3.0 3.6 
-59 1.2 1.9 1.6 4.0 2.3 3.2 3.1 1.7 2.4 7.0 4.0 5.5 
-60 1.5 3.0 2.2 3.4 2.5 3.0 2.4 2.0 2.2 5.8 4.4 5.1 
-62 2.2 3.2 2.7 4.3 2.1 3.2 3.4 1.6 2.5 7.7 3.8 5.8 
-63 3.3 3.0 3.2 2.9 1.8 2.4 2.4 1.5 2.0 5.3 3.3 4.3 
-64 4.2 4.2 4.2 2.9 1.8 2.4 1.8 1.3 1.6 4.6 3.2 3.9 
-65 1.3 2.5 1.9 3.3 2.0 2.6 2.7 1.5 2.1 5.9 3.6 4.8 
—66 1.8 2.8 2.3 3.3 2.2 2.8 2.6 1.6 2.1 5.9 3.8 4.8 
-67 1.5 2.0 1.8 3.5 2.6 3.0 2.8 2.2 2.5 6.3 4.8 5.6 
—68 2.3 2.9 2.6 3.3 2.0 2.6 2.4 1.4 1.9 5.7 3.4 4.6 
-69 1.2 2.6 1.9 3.6 2.4 3.0 2.8 1.7 2.2 6.4 4.1 5.2 
-71 1.8 2.6 2.2 3.0 2.8 2.9 2.3 2.1 2.2 5.4 4.9 5.2 
-72 1.5 2.7 2.1 3.3 2.4 2.8 2.5 1.8 2.2 5.8 4.2 5.0 
X 2.2 2.9 2.6 3.0 2.2 2.6 2.3 1.6 2.0 5.4 3.9 
VO 
w h* 
Table 8, Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations of ISOOSBCg lines at Ames (A), 
Knierim (K), and combined across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com. 
iSOOSBCgF^ 
-1 1.7 2.3 2.0 2.9 2.7 2.8 2.2 2.0 2.1 5.1 4.7 4.9 
-2 1.7 2.0 1.8 3.1 3.1 3.1 2.3 2.3 2.3 5.4 5.4 5.4 
-3 3.7 4.7 4.2 1.8 1.0 1.4 1.4 0.8 1.1 3.2 1.8 2.5 
-4 2.0 2.3 2.2 2.5 2.0 2.2 1.9 1.5 1.7 4.4 3.5 4.0 
-6 2.9 4.0 3.4 2.1 1.9 2.0 1.8 1.3 1.6 3.9 3.2 3,6 
-7 1.7 2.5 3.8 3.0 2.1 2.6 2.3 1.4 1.8 5.3 3.5 4.4 
-8 1.3 2.4 1.8 3.4 2.2 2.8 2.5 1.6 2.0 6.0 3.8 4.9 
-9 1.8 1.9 1.8 3.2 2.8 3.0 2.3 2.0 2.2 5.5 4.8 5.2 
-10 3.6 4.3 4.0 2.1 1.2 1.6 1.9 0.9 1.4 3.9 2.0 3.0 
-12 1.2 2.9 2.0 2.7 2.2 2.4 2.2 1.6 1.9 4.9 3.8 4.4 
-13 3.5 3.3 3.4 2.2 1.7 2.0 1.4 1.3 1.4 3.6 3.0 3.3 
-14 1.5 2.6 2.0 2.8 1.9 2.4 2.2 1.4 1.8 5.0 3.3 4.2 
-15 1.8 2.5 2.2 2.9 3.0 3.0 2.1 2.0 2.0 5.0 5.0 , .5.0 
-16 2.8 3.3 3.0 2.4 2.1 2.2 1.9 2.2 2.0 4.3 4.3 4.3 
-17 1.5 2.8 2.2 3.1 2.1 2.6 2.5 1.4 2.0 5.6 3.5 4.6 
-19 1.8 2.1 2.0 3.2 2.0 2.6 2.3 1.4 1.8 5.5 3.4 4.4 
-20 1.5 2.9 2.2 3.2 2.0 2.6 2.3 1.5 1.9 5.5 3.4 4.4 
-21 1.8 2.4 2.1 3.3 2.0 2.6 2.5 1.4 2.0 5.8 3.4 4.6 
-22 1.8 2.7 2.2 3.5 2.6 3.0 2.6 1.7 2.2 6.1 4.3 5.2 
-23 1.2 2.5 1.8 3.3 2.5 2.9 2.6 1.3 2.0 5.9 3.9 4.9 
-24 1.7 2.5 2.1 3.3 2.1 2.7 3.0 1.6 2.3 6.3 3.7 5.0 
-25 1.5 3.3 2.4 3.5 2.2 2.8 2.6 1.5 2.0 6.1 3.7 4.9 
-26 1.5 2.5 2.0 3.3 2.3 2.8 2.5 1.7 2.1 5.7 4.0 4.8 
-27 3.7 4.3 4.0 2.8 1.3 2.0 2.0 0.9 1.4 4.8 2.2 3.5 
-28 1.7 3.0 2.4 3.4 1.7 2.6 2.6 1.1 1.8 6.0 2.8 4.4 
-29 1.7 2.4 2.0 2.8 2.0 2.4 2.2 1.5 1.8 5.1 3.5 4.3 
w N) 
Table 8. (Continued) 
Vs Ça 
Entry A K Corn. A K 
3?! 
-31 1 . 8  2 . 8  2 . 3  3 . 2  1 . 9  
-32 1 . 7  3 . 0  2 . 4  3 . 6  2 . 4  
- 3 3  1 . 3  3 . 1  2 . 2  3 . 3  2 . 1  
-34 2 . 0  2 . 8  2 . 4  3 . 3  1 . 7  
-37 2 . 0  2 . 2  2 . 1  2 . 9  2 . 5  
-38 4 . 3  3 . 3  3 . 8  2 . 8  1 . 8  
-39 1 . 1  2 . 6  1 . 8  3 . 4  2 . 8  
-40 1 . 5  2 . 8  2 . 2  3 . 4  1 . 8  
-41 1 . 7  2 . 5  2 . 1  3 . 6  2 . 9  
-42 1 . 4  3 . 2  2 . 3  3 . 6  2 . 1  
-43 1 . 7  2 . 4  2 . 0  3 . 5  2 . 0  
-44 1 . 7  2 . 8  2 . 2  3 . 0  2 . 2  
-45 1 . 9  3 . 0  2 . 4  3 . 6  3 . 0  
-46 1 . 8  2 . 1  2 . 0  3 . 3  2 . 5  
—48 1 . 7  2 . 6  2 . 2  3 . 2  2 . 6  
-51 1 . 7  2 . 4  2 . 0  3 . 4  2 . 3  
-52 1 . 7  2 . 3  3 . 0  2 . 8  2 . 6  
-53 1 . 8  2 . 8  2 . 3  3 . 0  1 . 9  
-54 1 . 9  2 . 8  2 . 4  2 . 7  2 . 3  
-56 1 . 0  2 . 2  1 . 6  3 . 5  2 . 8  
-57 1 . 5  2 . 3  1 . 9  3 . 4  2 . 4  
-58 3 . 7  3 . 4  3 . 6  2 . 5  2 . 9  
-59 1 . 7  2 . 3  2 . 0  3 . 1  2 . 2  
—60 1 . 5  3 . 2  2 . 4  3 . 5  2 . 0  
-62 1 . 5  2 . 5  2 . 0  3 . 6  2 . 3  
-63 3 . 0  3 . 1  3 . 0  3 . 0  2 . 4  
—  6 4  4 . 0  3 . 8  3 . 9  2 . 6  1 . 7  
-65 1 . 3  2 . 9  2 . 1  3 . 5  2 . 0  
Sih. Cab 
Com. K Com, K Com. 
2 . 6  2 . 0  1 . 3  1 . 6  5 . 3  3 . 2  4 . 2  
3 . 0  2 . 4  1 . 6  2 . 1  6 . 0  4 . 2  5 . 1  
2 . 7  2 . 5  1 . 4  2 . 0  5 . 8  3 . 4  4 . 6  
2 . 5  2 . 6  1 . 3  2 . 0  5 . 9  3 . 0  4 . 4  
2 . 7  2 . 4  1 . 9  2 . 2  5 . 4  4 . 3  4 . 8  
2 . 3  1 . 9  1 . 4  1 . 6  4 . 7  3 . 3  4 . 0  
3 . 1  2 . 6  2 . 0  2 . 3  6 . 0  4 . 9  5 . 4  
2 . 6  2 . 8  1 . 5  2 . 2  6 . 3  3 . 3  4 . 8  
3 . 2  2 . 9  2 . 3  2 . 6  6 . 5  5 . 2  5 . 8  
2 . 8  2 . 3  1 . 6  2 . 0  5 . 9  3 . 7  4 . 8  
2 . 8  2 . 7  1 . 5  2 . 1  6 . 2  3 . 5  4 . 8  
2 . 6  2 . 3  1 . 9  2 . 1  5 . 3  4 . 1  4 . 7  
3 . 3  2 . 5  1 . 8  2 . 2  6 . 1  4 . 8  5 . 4  
2 . 9  2 . 5  1 . 8  2 . 2  5 . 8  4 . 4  5 . 1  
2 . 9  2 . 4  2 . 2  2 . 3  5 . 7  4 . 8  5 . 2  
2 . 8  2 . 6  1 . 6  2 . 1  6 . 1  4 . 0  5 . 0  
2 . 7  2 . 3  2 . 0  2 . 2  5 . 0  4 . 5  4 . 8  
2 . 4  2 . 4  2 . 0  2 . 2  5 . 4  3 . 9  4 . 6  
2 . 5  2 . 3  1 . 7  2 . 0  5 . 0  4 . 0  4 . 5  
3 . 2  2 . 7  2 . 0  2 . 4  6 . 2  4 . 8  5 . 5  
2 . 9  2 . 8  1 . 6  2 . 2  6 . 3  3 . 9  5 . 1  
2 . 7  1 . 8  2 . 4  2 . 1  4 . 3  5 . 3  4 . 8  
2 . 6  2 . 5  1 . 5  2 . 0  5 . 5  3 . 7  4 . 6  
2 . 8  2 . 8  1 . 4  2 . 1  6 . 3  3 . 4  4 . 8  
3 . 0  2 . 7  1 . 7  2 . 2  6 . 2  4 . 0  5 . 1  
2 . 7  2 . 3  1 . 7  2 . 0  5 . 3  4 . 1  4 . 7  
2 . 2  2 . 0  1 . 3  1 . 6  4 . 6  3 . 1  3 . 8  
2 . 8  2 . 8  1 . 6  2 . 2  6 . 2  3 . 6  4 . 9  
Table 8, (Continued) 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com 
ISOOSBCgF^ 
—66 1.5 2.7 2.1 3.2 2.7 3.0 2.5 2.4 2.4 5.6 5.1 5.4 
-67 1.8 2.3 2.0 3.2 2.3 2.8 2.5 1.8 2.2 5.7 4.0 4.8 
— 68 1.5 2.4 2.0 3.5 2.9 3.2 2.6 2.1 2.4 6.0 5.1 5.6 
— 69 1.7 2.6 2.2 3.3 2.3 2.8 2.0 1.6 1.8 5.3 4.0 4.6 
-71 1.5 2.5 2.0 3.6 2.3 3.0 2.8 1.8 2.3 6.5 4.2 5.4 
-72 2.3 2.6 2.4 3.2 2.2 2.7 2.5 1.8 2.2 5.7 4.1 4.9 
X 1.9 2.8 to
 
3.1 2.2 2.7 to
 
1.6 
o
 
CM 5.5 3.9 4.7 
w 
Table 9. Mean visual chlorosis scores (Vs), chlorophyll a (Ca), chlorophyll b (Cb), 
and total chlorophyll (Cab) concentrations of I5003BC^ lines at Ames (A), 
Knierim (K), and combined across locations 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. , A K Com. A K Com 
I5003BCjFi 
-1 1.3 2.0 1.6 3.2 2.6 3.0 2.4 1.8 2.1 5.9 4.4 5.2 
-2 1.3 1.9 1.6 3.5 3.0 3.1 2.3 2.4 2.4 5.6 5.4 5.5 
-3 1.8 2.3 2.0 2.9 3.0 3.0 2.0 2.1 2.0 4.8 5.1 5.0 
-4 1.7 3.2 2.4 2.7 1.9 2.3 2.0 1.4 1.7 4.8 3.3 4.0 
-6 3.0 2.8 2.9 2.4 2.1 2.2 1.8 1.5 1.6 4.2 3.7 4.0 
-7 1.3 2.7 2.0 2.8 1.8 2.3 2.2 1.4 1.8 4.9 3,2 4.0 
-8 1.3 2.7 2.0 3.1 2.2 2.6 2.4 1.4 1.9 5.5 3.6 4.6 
Table 9. (Continued) 
Entry A K Com. A K 
-9 1.4 2.0 1.7 3.0 3.1 
-10 3.6 3.2 3.4 1.9 1.9 
-12 1.5 1.7 1.6 2.6 2.2 
-13 3.3 3.1 3.2 2.2 2.1 
-14 1.2 2.2 1.7 3.4 2.8 
-15 1.5 2.7 2.1 2.9 1.7 
-16 1.8 1.8 1.8 2.7 3.7 
-17 1.5 1.8 1.6 3.2 2.5 
-19 1.5 2.7 2.1 3.7 1.8 
-20 1.7 2.5 2.1 3.1 2.5 
-21 1.5 2.6 2.0 3.5 2.3 
-22 1.3 2.3 1.8 3.6 2.0 
-23 1.8 2.8 2.3 3.2 2.0 
-24 1.8 2.9 2.4 3.6 2.2 
-25 1.8 2.6 2.2 3.7 2.5 
-26 1.7 2.5 2.1 3.7 2.1 
-27 1.8 3.1 2.4 3.7 2.3 
-26 1.5 3.4 2.4 3.1 1.8 
-29 1.5 3.0 2.2 3.4 2.1 
-31 1.3 2.0 1.6 3.4 2.3 
-32 1.7 2.5 2.1 3.4 2.6 
-33 1.8 3.0 2.4 3.1 2.0 
-34 2.0 2.8 2.4 3.0 2.2 
-37 1.5 2.6 2.0 2.9 2.4 
-36 4.4 4.2 4.3 2.5 2.0 
-39 1.3 2.5 1.9 3.5 2.4 
-40 1.3 2.7 2.0 3.3 2.2 
-41 1.2 2.6 1.9 3.5 2.3 
-42 1.2 3.0 2.1 3.0 2.4 
Cb Cab 
Com. K Com. K Com. 
3.0 2.2 2.4 2.3 5.1 5.5 5.3 
1.9 1.4 1.5 1.4 3.3 3.4 3.4 
2.4 2.0 1.6 1.8 4.7 3.8 4.2 
2.2 1.6 1.4 1.5 3.6 3.5 3.7 
3.1 2.5 2.0 2.2 5.9 4.8 5.4 
2.3 2.2 1.3 1.8 5.1 2.9 4.0 
3.2 1.9 2.6 2.2 4.7 6.3 5.5 
2.8 2.2 1.9 2.0 5.4 4.3 4.8 
2.8 2.7 1.4 2.0 6.4 3.4 4.8 
2.8 2.4 1.9 2.2 5.5 4.4 5.0 
2.9 2.5 1.7 2.1 5.9 4.0 5.0 
2.8 2.6 1.6 2.1 6.2 3.5 4.8 
2.6 2.3 1.5 1.9 5.5 3.5 4.5 
2.9 2.5 1.6 2.0 6.1 3.8 5.0 
3.0 2.9 1.6 2.2 6.5 3.8 5.2 
2.9 2.8 1.4 2.1 6.6 3.5 5.0 
3.0 2.5 1.5 2.2 6.5 3.8 5.2 
2.4 3.2 1.4 2.3 6.3 3.1 4.7 
2.8 2.8 1.5 2.2 6.2 3.6 4.9 
2.8 2.5 1.7 2.1 5.9 4.1 5.0 
3.0 3.1 1.8 2.4 6.6 4.4 5.5 
2.6 2.2 1.5 1.8 5.3 3.5 4.4 
2.6 2.2 1.7 2.0 5.2 3.9 4.6 
2.6 2.6 1.7 2.2 5.5 4.1 4.8 
2.2 1.8 1.4 1.6 4.3 3.5 3.9 
3.0 2.7 1.8 2.2 6.1 4.2 5.2 
2.8 2.5 1.6 2.0 5.8 3.9 4.6 
2.9 2.7 1.7 2.2 6.2 4.0 5.1 
2.7 2.5 1.9 2.2 5.4 4.3 4.6 
Table 9, (Continued) 
Entry 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com. 
I5003BC^Fj^ 
-43 1.2 3.2 2.2 3.4 2.3 2.8 2.6 1.8 2.2 6.0 4.1 5.0 
—44 4.2 3.8 4.0 2.0 1.8 1.9 1.6 1.6 1.5 3.7 3.1 3.4 
-45 1.3 2.8 2.0 3.2 2.2 2.7 2.4 1.7 2.0 5.5 3.9 4.7 
—46 1.5 2.4 2.0 3.4 1.9 2.6 2.8 1.4 2.1 6.2 3.4 4.8 
-48 1.8 3.1 2.4 2.8 1.7 2.8 2.2 1.4 1.8 5.0 3.1 4.0 
-51 1.4 2.5 2.0 3.6 2.7 3.2 3.0 2.0 2.5 6.7 4.7 5.7 
-52 1.0 2.9 2.0 3.3 2.9 3.1 2.6 1.6 2.1 5.9 3.7 4.8 
-53 1.5 2.3 1.9 3.2 3.2 3.2 2.5 2.3 2.4 5.7 5.5 5.6 
-54 2.0 2.5 2.2 3.1 2.3 2.7 2.5 1.8 2.2 5.6 4.1 4.8 
-56 1.2 2.8 2.0 3.4 2.1 2.8 2.4 1.5 2.0 5.8 3.5 4.6 
-57 2.2 3.0 2.6 3.1 2.2 2.6 2.5 1.9 2.2 5.7 4.1 4.9 
-58 1.2 2.6 1.9 3.9 2.1 3.0 3.8 1.5 2.6 4.4 3.8 4.1 
-59 1.2 2.2 1.7 3.2 2.5 2.8 2.7 1.8 2.2 5.9 4.4 5.2 
— 60 1.3 3.0 2.2 3.3 2.4 2.8 2.6 1.8 2.2 5.9 4.1 5.0 
-62 1.8 3.0 2.4 3.5 2.2 2.8 2.6 1.6 2.1 6.1 3.7 4.9 
-63 3.7 4.1 3.9 2.5 1.5 2.0 1.9 1.4 1.6 4.4 2.9 3.6 
-64 3.5 4.0 3.8 2.5 1.9 2.2 2.1 1.4 1.8 4.6 3.4 4.0 
-65 1.3 2.4 1.8 4.2 2.0 3.1 3.2 1.5 2.4 7.5 3.6 4.6 
—66 1.7 2.4 2.0 3.7 3.0 3.4 2.3 2.3 2.3 6.1 5.4 5.8 
-67 1.3 1.8 1.6 3.6 2.2 2.9 2.8 1.7 2.2 6.4 3.8 5.1 
— 68 1.8 2.5 2.2 3.4 2.5 3.0 2.9 1.8 2.4 6.4 4.3 5.4 
-69 1.7 2.8 2.2 3.3 2.1 2.7 2.6 1.5 2.0 6.0 3.7 4.8 
-71 1.8 2.8 2.3 3.3 2.3 2,8 2.3 1.7 2.0 5.6 4.0 4.8 
-72 2.0 2.2 2.1 3.4 2.4 2.9 2.6 2.2 2.4 6.0 4.5 5.2 
X 1.8 2.7 2.2 3.2 2.3 2.7 2.4 1.7 2.1 5.6 4.0 CO
 
Figure 1. Frequency distribution of visual chlorosis scores 
averaged across locations and means for 15003, 
Anoka, and lines derived from the F2 and five 
backcross generations 
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Table 10. Frequency distribution for mean visual chlorosis scores averaged across 
locations for two parents and lines within six generations 
Chlorosis classes 
Generation 
1.5-1,9 2.0-2.4 2.5-2.9 3.0-3.4 3.5-3.9 4.0-4.4 4.5-5.1 
15003 25.0 50.0 25.0 
Anoka 100.0 
^2 7.0 17.0 10.0 8.0 12.0 18.0 28.0 
AnokaBC^ 2.0 3.0 5.0 32.0 58.0 
l5003BCi 12.0 32.0 15.0 12.0 18.0 8.0 3.0 
ISOOSBCg 17.0 47.0 13.0 8.0 10.0 5.0 
15OO3BC3 H
 
to
 
0
 
68.0 8.0 7.0 5.0 
I5003BC. 27.0 61.0 3.0 3.0 3.0 3.0 
Figure 2. Frequency distribution of total chlorophyll con­
centrations averaged across locations and means 
for 15003, Anoka, and lines derived from the F2 
and five backcross generations 
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Table 11. Frequency distribution for mean total chlorophyll 
concentration averaged across locations for two 
parents and lines within six generations 
Generation 
1.0-1.4 1.5-1.9 2 .0-2.4 2.5-2. 9 3.0-3.4 
15003 
Anoka 25 63 12 
^2 3 7 12 10 15 
AnokaBCj^ 12 25 20 15 13 
I5003BC^ 3 14 
I5003BC2 2 5 
15OO3BC3 2 3 
I5003BC^ 3 
Total chloroohvll concentration classes 
Generation 
3.5-3.9 4.0-4.4 4 .5-4.9 5.0-5. 4 5.5-5.9 
15003 25 25 38 12 
Anoka 
^2 18 10 14 8 3 
AnokaBC^ 7 5 3 
I500BC^ 12 30 20 18 3 
I5003BC2 8 18 37 23 7 
15OO3BC3 5 20 40 25 5 
I5003BC. 5 15 33 32 12 
43 
with the formula (1 - —), where n was the number of back-
TT 
crosses. The expected frequency of segregating lines was 
There were no significant differences between observed 
and expected frequencies for data based on visual chlorosis 
scores (Table 12). Similar results were observed for total 
chlorophyll concentration, except for I5003BC^ and I5003BC2 
(Table 13). The significant deviation in those two genera­
tions was due to a higher number of lines than expected within 
the range of 15003. There was a general trend for all gen­
erations, except I5003BC^, to have more lines than expected 
within the range of 15003 for total chlorophyll concentration. 
The single gene model was evaluated further by examining 
the change in visual chlorosis scores and total chlorophyll 
concentration for each 15003 family from BC^ to BC^. With a 
single gene model, 50% of the BC^^ families would be homozygous 
for the resistance gene of 15003 and have similar visual 
scores and total chlorophyll concentrations as the recurrent 
parent. The remaining 50% of the BC^^ families would be de­
rived from heterozygous BC^F^ plants and their visual scores 
and total chlorophyll concentration would be inferior to 15003. 
With each subsequent backcross, the frequency of homozygous 
families would increase by 50% of heterozygous plants in the 
previous generation. 
The observed changes in 15003 families during backcrossing 
Table 12. Expected frequency of visual chlorosis scores based on a single 
gene model and observed frequency averaged across locations for lines 
derived from six generations of crosses and backcrosses with 15003 and 
Anoka as parents 
Chlorosis score^ 
1.8 to 2.6 2.7 tç 4.5 4.6 to 5.0 
Generation 
Obs. Exp. Obs. Exp. Obs. Exp. 
^2 28 25 49 50 23 25 0.54 
AnokaBC^ 2 0 40 50 58 50 3.28 
I5003BC^ 52 50 46 50 2 0 0.40 
iSOOSBCg 68 75 32 25 2.61 
I5OO3BC3 80 87,50 20 12.50 5.14 
l5003BCj 88 93.75 12 6.25 5.64 
^The parental classes correspond to the range for 15003 of 1.8 to 2.6 and for 
Anoka of 4.6 to 5,0. The nonparental class was intermediate between the parents, 
2.7 to 4.5. 
^None of the values exceeded the 5% probability level. 
Table 13. Expected frequency of chlorophyll concentrations based on a single gene 
model and observed frequency averaged across locations for lines derived 
from six generations of crosses and backcrosses with 15003 and Anoka as 
parents 
Chlorophyll concentration^ 
Generation 
4.0 to 5.7 2.1 tp 3.9 1.4 to 2.0 
x2 
Obs. Exp. Obs. Exp. Obs. Exp, 
^2 35 25 50 50 15 25 8,00 
AnokaBC^ 8 0 47 50 45 50 0,68 
1500380^ 72 50 28 50 19,36** 
I5003BC2 85 75 15 25 5.33* 
I5OO3BC3 90 87.50 10 12.50 1,21 
I5003BCj 92 93.75 8 6.25 0.52 
^The parental classes correspond to the range for 15003 of 4.0 to 5,7 and for 
Anoka of 1.4 to 2.0. The nonparental class was intermediate between the parents, 
2.1 to 3.9. 
*,**Values significant at the 5% and 1% probability level, respectively. 
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strongly supported the single gene model. There were 33 BC^ 
families (55%) similar to 15003 for both visual scores and 
chlorophyll concentration. In the BC2» 12 (44%) of the 27 
remaining families improved to the level of 15003. Of the 
remaining 15 BC2 families, 5 (33%) improved in the BCg, and 4 
(40%) of the remaining 10 BC^ families improved in the BC^. 
The single gene model also was evaluated by comparing the 
frequency distribution of I5003BC^ lines with Anoka BC^^ lines. 
If only one major gene determines chlorosis resistance, the 
frequency distribution for segregating lines should be 
similar, regardless of the cultivar used as the recurrent 
parent. The distribution of nonparental lines based on visual 
scores and total chlorophyll concentration were skewed toward 
the cultivar used as the recurrent parent (Figures 1 and 2, 
Tables 10 and 11). There were 33% of the AnokaBC^ lines 
with visual chlorosis scores of 4.0 to 4.5 compared with 
only 8% for I5003BC^. Conversely, 30% of the I5003BC^ lines 
had visual chlorosis scores of 3.0 to 4.0 compared with only 
9% for AnokaBC^. The least frequent class of nonparental 
lines for I5003BC^ based on total chlorophyll concentration 
was the most frequent class for AnokaBC^. The difference in 
the distribution of nonparental lines for AnokaBC^ and 
I5003BC^ indicated that expression of the single gene was 
influenced by modifying genes. 
The influence of environment and modifying genes on 
chlorosis expression suggested that resistance to chlorosis 
47 
may be considered as a quantitative character in breeding 
programs. Broad-sense heritability estimates were computed 
for visual scores and total chlorophyll concentration by two 
procedures with data from the F2 lines. The entry sum squares 
for visual scores and total chlorophyll concentration were 
divided into sum squares among and within generations, and 
the latter was further subdivided into sum squares for each 
generation under test, including parents and checks (Tables 
14 and 15). Components of variance were obtained as sug­
gested by Fisher and described by Crump (1945). Heritability 
values based on variance components were 0.80 for visual 
chlorosis scores and 0.50 for total chlorophyll concentration. 
When environmental variation was estimated by the geometric 
mean of both parents (Mahmud and Kramer, 1951), heritabilities 
were 0.97 for visual scores and 0.91 for chlorophyll concen­
tration. The high heritability values indicated that selec­
tion should be effective with limited testing on appropriate 
soils. 
Association between Visual Chlorosis Scores 
and Total Chlorophyll Concentration 
Average chlorosis symptoms were more severe at Knierim 
than Ames and highly significant differences (P>0.01) between 
locations were obtained for all characters. The mean of 
entries at Ames for visual scores was 2.8, for chlorophyll a 
2.6, for chlorophyll b 2.0, and total chlorophyll concentra-
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Table 14, Mean squares for visual chlorosis scores among and 
within generations combined across locations 
Source of variation df SS MS 
Entry 399 2857.3990 7.1614** 
Among generations 8 1616.5984 202.0747** 
Within generations 391 1240.8006 3.1734** 
AnokaBC^ 59 95.7912 1.6336** 
I5003BC^ 59 233.9136 3.9646** 
ISOOSBCg 59 165.5076 2.8052** 
15OO3PC3 59 135.1908 2.2914** 
I5003BC. 59 123.0408 2.0854** 
Fz 59 412.0410 6.9837** 
Anoka 7 0.5364 0.0766 
15003 7 3.3696 0.4814 
Checks 23 71.4096 3.1048** 
Entry x location 399 264.2416 0.6622** 
Among generations x 
locations a 71.8347 8.9793** 
Within generations x 
locations 391 192.4069 0.4921** 
AnokaBC^ x location 59 16.2021 0.2746 
I5003BC^ X location 59 33.3056 0.5645** 
15OO3BC2 X location 59 28.8021 0.4882** 
15OO3BC2 X location 59 26.6909 0.4524** 
I5003BC^ X location 59 '28.1910 0.4778** 
X location 59 37.8576 0.6416** 
Anoka X location 7 0.3281 0.0469 
15003 X location 7 1.9513 0.2790 
Checks X location 23 19.0764 0.8294** 
Error 1596 410.2625 0.2570 
**Values significant at the 1% probability level. 
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Table 15, Mean squares for total chlorophyll concentration 
among and within generations combined across 
locations 
Source of variation df SS MS 
Entry 399 3380.9404 8.4735** 
Among generations 8 1924.2796 240.5349** 
Within generations 391 1456.6608 3.7255** 
AnokaBC^ 59 294.3036 4.9882** 
I5003BC^ 59 191.7432 3.2499** 
I5003BC2 59 142.5678 2.4164* 
I5OO3BC3 59 138.3378 2.3447* 
ISOOSBC^ 59 114.4200 1.9393 
^2 59 446.2962 7.5643** 
Anoka 7 1.9794 0.2828 
15003 7 11.6256 1.6608 
Checks 23 115.3872 5.0168** 
Entry x location 399 697.6718 1.7486 
Among generations x 
location 8 176.2074 22.0259** 
Within generations x 
location 391 521.4644 1.3337** 
AnokaBC^ x location 59 55.5081 0.9408 
I5003BC^ X location 59 87.5584 1.4840** 
15OO3BC2 X location 59 95.3972 1.6169** 
15OO3BC2 X location 59 26.6910 0.4524 
I5003BC^ X location 59 85.6038 1.4509** 
F2 X location 59 113.9794 1.9318** 
Anoka X location 7 1.9100 0.2728 
15003 X location 7 6.0769 0.8681 
Checks X location 23 48.7396 2.1191** 
Error 1596 1519.7567 0.9522 
*.**Values significant at the 5% and 1% probability 
level, respectively. 
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tion 4.6. At Knierim, visual chlorosis scores averaged 3.4, 
chlorophyll a 1.9, chlorophyll b 1.4, and total chlorophyll 
concentration 3.3. The mean squares for entries were highly 
significant at both locations and combined. Highly sig­
nificant entries x locations interactions reflected the 
greater range of symptoms at Ames than at Knierim (Tables 16, 
17, 18 and 19). For example, the visual chlorosis score at 
Ames was 1.6 for 15003 and 5.0 for Anoka compared with 2.7 
for 15003 and 4.7 for Anoka at Knierim (Table 20). 
There were no significant differences within the eight 
samples of the five cultivars for visual scores. The range 
of values for samples within a cultivar reflected environ­
mental effects on chlorosis expression (Table 20). Soil 
heterogeneity caused differences among plots and among plants 
within plots. 
Correlation coefficients among characters were similar 
at both locations (Table 21). Correlation coefficients 
between visual chlorosis scores and the three chlorophyll 
characters based on individual plots were higher at Ames than 
at Knierim; however, all values were highly significant at 
both locations. Chlorophyll a and chlorophyll b concentra­
tions were highly correlated with each other and with total 
chlorophyll concentration at both locations. 
Coefficients of variation for all characters were higher 
at Knierim than at Ames (Table 22). A hail storm at Knierim 
on May 30 that damaged the plants may be the explanation for 
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Table 16. Analysis of variance for visual chlorosis scores 
in a randomized complete block design at Ames, 
Knierim, and combined across locations 
Source of 
variation df Ames Knierim Combined 
Replications 2 12.4214** 14.1140** 
Entry 399 5.3591** 2.4645** 7.1614** 
Error 798 0.1909 0.3232 
Locations (L) 1 201.5501** 
Replications/L 4 13.2677** 
Entry x L 399 0.6622** 
Error 1596 0.2570 
CV (%) 15.7 16.9 16.5 
**Values significant at the 1% probability level. 
the greater error in the data collected at this location. 
At both locations, coefficients of variation for the chloro­
phyll characters were greater than for visual chlorosis 
scores (Table 22). Greater error in measuring chlorophyll 
concentration may be associated with the sample of leaves 
from each plot. Only 10 plants in each plot were sampled for 
chlorophyll extraction, and one or two susceptible plants 
that escape chlorosis and remain green due to soil hetero­
geneity could shift the plot mean toward 15003. Similar 
plants would have less effect on visual chlorosis scores 
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Table 17, Analysis of variance for total chlorophyll con­
centration in a randomized complete block design 
at Ames, Knierim, and combined across locations 
Source of 
variation df Ames Knierim Combined 
Replications 2 27.6285** 27.6836** 
Entry 399 6.9286** 3.2935** 8.4735** 
Error 798 0.7970 1.1074 
Locations (L) 1 950.7896** 
Replicat ion/L 4 27.6560** 
Entry x L 399 1.7486** 
Error 1596 0.9522 
CV (%) 19.4 31.6 24.6 
**Values significant at the 1% probability level. 
which are based on the average appearance of up to 40 plants 
in each row. Error also may be associated with the chloro­
phyll extraction procedure. Use of acetone extraction may 
have caused variable degrees of extraction and some destruc­
tion of chlorophyll; however, preliminary tests indicated 
that the technique utilized in this study gave chlorophyll 
values within 95% of those obtained with the traditional leaf 
homogenization and extraction technique. Dilution of the 
sample before taking the readings and variation in the spec­
trophotometer also could contribute to error. 
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Table 18. Analysis of variance for chlorophyll a concentra 
tion in a randomized complete block design at 
Ames, Knierim, and combined across locations 
Source of 
variation df Ames Knierim Combined 
Replications 2 5.3856** 11.9849* 
Entry 399 2.2572** 1.1671** 2.8614** 
Error 798 0.2575 0.4097 
Locations (L) 1 296.3752** 
Replications/L 4 8.6552** 
Entry x L 399 0.5659** 
Error 1596 0.3336** 
CV (%) 19.4 33.6 25.6 
*,**Values significant at the 5% and 1% probability 
level, respectively. 
Simulated Selection 
The top 10% of the I5003BC^ lines were selected based 
on their chlorosis scores combined over locations. Their 
performance in subsequent generations was fairly constant 
(Table 23). Only two lines, I5003BC^-12 and -32, had scores 
in the BC2 that deviated more than one standard error unit 
from the scores given in the generation. For all genera­
tions, the mean of the selected lines was superior to the 
mean of the original population, although the initial 
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Table 19. Analysis of variance for chlorophyll b concentra­
tion in a randomized complete block design at Ames, 
Knierim, and combined across locations 
Source of 
variation df Ames Knierim Combined 
Replications 2 8.7102** 2.9824** 
Entry 399 1.3675** 0.5925** 1.5706** 
Error 798 0.2158 0.2230 
Locations (L) 1 185.8678** 
Replications/L 4 5.8463** 
Entry x L 399 0.3924** 
Error 1596 0.2194 
CV {%) 23.3 32.9 27.3 
**Values significant at the 1% probability level. 
superiority of almost 4 standard error units was not main­
tained, mainly because the original populations were being 
upgraded by the successive backcrosses to the resistant 
parent. The mean chlorophyll concentration of these se­
lected lines was superior to the mean of their original 
populations and to the mean of 15003, although for the same 
reason mentioned before, the initial advantage diminished in 
each successive backcross generation. 
When the top 10% of the I5003BC^ lines were selected 
based on their total chlorophyll concentration, only one line 
Table 20. Mean values and range of visual chlorosis scores (Vs), chlorophyll a (Ca), 
chlorophyll b (Cb), and total chlorophyll (Cab) concentrations for 
parents and checks at Ames, Knierim, and combined across locations 
15003 Anoka Amsov 71 Corsov Hawkeve 
Range X Range X Range X Range X Range 
Vs 
Ames 1 .6 
Knierim 2 .7 
Combined 2 .2 
Ca 
Ames 3 .2 
Knierim 2 .2 
Combined 2 .7 
Cb 
Ames 2 .5 
Knierim 1 .6 
Combined 2 .1 
Cab 
Ames 5 .8 
Knierim 3 .8 
Combined 4 .8 
1.1-2.0 5.0 4.8-5.0 3.0 2.3-3.7 4.3 3.7-4.9 2.2 1.7-2,5 
2.2-3.5 4.7 4.5-5.0 4.0 3.3-4.7 4.8 3.7-5.0 3.7 3.3-4.7 
1.8-2.6 4.8 4.6-5.0 3.5 3.2-4.0 4.6 4.0-4.9 3.0 2.6-3.2 
2.8-4c0 0.8 0.6-1.2 3.0 2.5-3.7 1.7 0.9-2.4 2.0 1.5-2.5 
1.7-2.7 1.0 0.8-1.2 1.8 1.2-2.7 0.8 0.6-X-.2 1.6 1.1-2.6 
2.3-3.2 0.9 O.W-1.2 2.4 2.0-2.6 1.2 0.8-1.8 1.8 1.3-2.4 m 
t/i 
2.1-3.2 0.7 0.4-1.0 2.2 1.8-2.7 1.3 0.9-1.7 1.5 1.3-1.8 
1.4-1.9 0.8 0.6-1.0 1.3 0.9-2.0 0.7 0.4-0.9 1.3 0.9-2.0 
1.8-2.4 0.8 0.6-1.0 1.7 1.4-2.1 1.0 0.8-1.3 1.4 1.1-2.6 
4.9-7.2 1.5 1.0-2.1 5.1 4.2-6.1 3.0 2.0-4.2 3.5 2.8-4.3 
3.0-4.7 1.7 1.4-2.2 3.0 2.1-4.7 1.5 1.0-2.1 2.9 1.9-4.3 
4.0-5.7 1.6 1.4-2.0 4.0 3.4-4.8 2.2 1.8-3.1 3.2 2.4-4.2 
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Table 21. Matrix of correlation coefficients between visual 
chlorosis scores (Vs), chlorophyll a (Ca), chloro 
phyll b (Cb), and total chlorophyll (Cab) concen­
trations, at Ames, Knierim, and combined over 
locations 
Ca Cb Cab 
Vs 
Ames -0.77** -0.75** -0.78** 
Knierim -0.70** -0.64** -0.70** 
Combined —0.76** —0.73** —0.76** 
Ca 
Ames 0.89** 0.97** 
Knierim 0,91** 0.96** 
Combined 0.91** 0.97** 
Cb 
Ames 0.94** 
Knierim 0.95** 
Combined 0.95** 
**Values significant at the 1% probability level. 
was common to those selected by visual scores, I5003BC^-54 
2 (Table 24). This was expected because the r value for 
visual score with total chlorophyll concentration was rela­
tively low (58%). The initial advantage on the mean chloro­
phyll concentration obtained in the BC^ generation, 2 standard 
error units, was not maintained. At the BC^ generation both 
selected and original means had the same value, which was also 
the mean value for 15003. When the visual chlorosis scores 
of these lines selected by chlorophyll concentration were 
obtained, their means were always superior to the means of the 
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Table 22. Coefficients of variation for visual chlorosis 
scores (Vs), chlorophyll a (Ca), chlorophyll b 
(Cb), and total chlorophyll (Cab) concentrations 
at Ames, Knierim, and combined across locations 
CV (%) 
Vs Ca Cb Cab 
Ames 15.7 19.4 23.3 19.4 
Knierim 16.9 33.6 32.9 31.6 
Combined 16.5 25.6 27.3 24.6 
original populations, but again the initial superiority of 
almost 3 standard error units was not maintained, even though 
they were superior to the mean chlorosis value of 15003, the 
resistant cultivar. 
Effectiveness of the characters for identifying superior 
lines for chlorosis resistance was evaluated by selecting the 
top six lines (10%) of the F2 generation at one location and 
observing their performance at the other location. The lines 
chosen by the four characters were frequently different; 
however, their average performance in the other location was 
similar (Table 25). For example, the F2 lines chosen by 
visual chlorosis scores at Ames had an average visual score 
at Knierim of 2.4, compared with 2.6 for lines selected by 
total chlorophyll concentration at Ames. These data indi­
cated that either of the four characters were effective for 
selection of lines in a breeding program. 
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Table 23. I5003BC^ lines selected in the BC^ generation by 
their visual chlorosis scores (Vs) combined across 
locations and their performance for Vs and total 
chlorophyll (Cab) concentrations in subsequent 
backcross generations 
Backcross generation 
BCi 
lines 
BCi BCg BC3 BC4 
Vs Cab Vs Cab Vs Cab Vs Cab 
-9 1.8 5.0 1.8 4.7 1.8 5.2 1.7 5.4 
-12 1.9 4.3 2.4 4.2 2.0 4.4 3.6 4.2 
-32 1.9 4.6 2.4 5.2 2.4 5.1 2.1 5.5 
-39 1.8 5.2 1.9 5.0 1.8 5.4 1.9 5.2 
-54 1.9 5.7 2.2 5.4 2.4 4.5 2.2 4.8 
-59 1. 8 5.0 1.6 5.5 2.0 4.6 1.7 5.2 
X 1.8 5.0 2.0 5.0 2.0 5.0 1.9 5.0 
Rating the parents and check cultivars was equally ef­
fective for the four characters (Table 26). The higher in­
tensity of chlorosis at Knierim was reflected in higher 
visual scores and lower chlorophyll concentrations for the 
more resistant lines (Table 20). At both locations, the 
visual scores for Anoka were at or near the maximum score 
of 5.0 and chlorophyll concentrations were similar. 
59 
Table 24, I5003BC^ lines selected in the BC^ generation by 
their total chlorophyll (Cab) concentration com­
bined across locations, and their performance for 
Cab and visual chlorosis scores (Vs) in subse­
quent generations 
Backcross generation 
'Cl 
ines 
BCi BC2 BC3 BC4 
Cab Vs Cab Vs Cab Vs Cab Vs 
-17 5.2 2.0 5.8 1.7 4.6 2.2 4.8 1.6 
-22 5.3 2.0 4.4 2.4 5.2 2.2 4.8 1.8 
-40 5.2 2.2 4.8 2.0 4.8 2.2 4.8 2.0 
-54 5.7 1.9 5.4 2.2 4.5 2.4 4.8 2.2 
-56 5.2 2.4 5.4 1.7 5.5 1.6 4.6 2.0 
-69 5.8 2.0 5.2 1.9 4.6 2.2 4.8 2.2 
X 5.4 2.1 5.2 2.0 4.9 2.1 4.8 2.0 
Table 25, Mean visual chlorosis scores (Vs) and chlorophyll a (Ca), chlorophyll b 
(Cb), and total chlorophyll (Cab) concentrations of the top 10% of Fg 
lines selected for each character independently at one location, 
and their performance at an independent test location 
Selected 
character 
Location 
of 
selection 
X of selections Test 
location 
X of selections 
Vs Ca Cb Cab Vs Ca Cb Cab 
Vs Ames 1.3 3.2 2.4 5.7 Knierim 2.4 2.5 1.8 4.3 
Cab Ames 1.5 3.6 3.0 6,6 Knierim 2.6 2.3 1.7 4.0 
Ca Ames 1.6 3.7 2.9 6.6 Knierim 2.7 2.3 1.7 4.0 
Cb Ames 1.6 3.6 3.2 6.5 Knierim 2.6 2.3 2.0 4.0 
Vs Knierim 2.3 2.6 1.9 4.4 Ames 1.5 3.1 2.5 5,6 
Cab Knierim 2.9 2.6 2.1 4.7 Ames 2.3 2.4 1.8 4.2 
Ca Knierim 2.4 2.6 2.0 4.6 Ames 1.5 3.0 2.2 5.1 
Cb Knierim 2.9 2.6 2.1 4.7 Ames 2.3 2.4 1.8 4.2 
61 
Table 26. Parents and checks ranked by visual scores (Vs) 
and chlorophyll a (Ca), chlorophyll b (Cb), and 
total chlorophyll (Cab) concentrations at Ames 
(A), Knierim (K), and combined across locations 
Vs Ca Cb Cab 
A K Com. A K Com. A K Com. A K Com. 
15003 1 1 1 1 1 1 1 1 1 1 1 1 
Anoka 4 4 5 5 4 5 5 3 5 5 4 5 
Amsoy 71 3 3 3 2 2 2 2 2 2 2 2 2 
Corsoy 5 5 4 4 5 4 4 4 4 4 5 4 
Hawkeye 2 2 2 3 3 3 3 2 3 3 3 3 
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DISCUSSION 
The range of resistance to iron chlorosis in soybean geno­
types seems to be under the control of a single major gene and 
modifying genes. These data supported the presence of a major 
gene identified by Weiss (1943) and designated by him as Fe. 
It also supported the observation of Brown et al. (1967) that 
under field conditions expression of Fg and ^  may be modified 
by other genes, and would explain the relative iron efficiency 
of the lines they studied. They used two isolines developed 
from the cross of PI 54619-5-1 x Hawkeye. They found that 
Hawkeye was more efficient than the Fe/Fe isoline and the PI 
was equal or superior to the fe/fe line. 
The presence of modifying genes for chlorosis resistance 
is typical of the interrelationship of major and minor genes 
for many soybean characters, including plant height and its 
components (Caviness and Prongsirivathana, 1968), time of 
maturity (Owen, 1927; Hague, 1964; Bernard, 1971) and stem 
termination (Bernard, 1972). 
There was a strong relationship between visual scores 
and total chlorophyll concentration because plants were grown 
under soil conditions which favored chlorosis expression. 
That does not imply that both traits are controlled by the 
same genetic system. Chlorophyll is the end product of a 
complex pathway. Wilson and Cooper (1969) made a diallel 
analysis of photosynthetic rate and related leaf characters in 
63 
six Lolium perenne genotypes and found significant additive 
genetic variation for chlorophyll content, light-saturated 
and light-limited photosynthesis, mesophyll cell size and 
mesophyll thickness, 
Backcrossing should be an effective means of transferring 
the major gene for iron chlorosis resistance from a resistant 
to a susceptible cultivar. Modifying factors and environ­
mental effects under field conditions suggest the use of 
replicated progeny tests to improve the probability of recover­
ing resistance similar to the resistant parent. Heritability 
estimates indicate that this approach will be highly effec­
tive. The combination of backcrossing, selfing, and progeny 
testing has been successful in the improvement of quantitative­
ly inherited traits. Rinke and Sentz (1961) obtained earlier 
inbred lines in corn by backcrossing, selfing, and progeny 
testing for earliness. Duvick (1974) used continuous selec­
tion and backcrossing to convert a one-eared inbred line of 
corn into a multiple-eared type. Knott and Talukdar (1971) 
transferred high seed weight to 'Thatcher• spring wheat by 
backcrossing and selfing. 
Selection for chlorosis resistance superior to that of 
existing genotypes may be possible based on variability among 
the modifying genes. 
Genotypic evaluation for iron deficiency chlorosis was 
equally effective by visual chlorosis scores, chlorophyll a, 
chlorophyll b and total chlorophyll concentrations. Use of 
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visual chlorosis scores would be the most efficient procedure 
because it requires at least 50 times less labor than chloro­
phyll determination by acetone extraction. Development of 
portable electronic devices for measuring chlorophyll may 
reduce the time advantage for visual scores. The photometer 
of Macnicol et al. (1976) measures overall chlorophyll concen­
tration and does not provide data on individual fractions. 
The high correlation between chlorophyll a, chlorophyll b and 
total chlorophyll concentrations found in my study indicated 
that such a chlorophyll determination should be adequate for 
chlorosis rating. 
An objective chlorophyll determination may be preferred 
for research studies in which chlorosis is evaluated by dif­
ferent persons in different environments. In such cases, use 
of chlorophyll a, chlorophyll b or total chlorophyll concen­
tration would be equally effective. 
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CONCLUSIONS 
The observed segregation in my study could be explained 
by a single major gene and modifying genes. F2 lines satis­
factorily fit a 1:2:1 ratio and frequency of the homozygous 
resistant and susceptible classes increased by the expected 
proportion during backcrossing. The distribution of segre­
gating BC^F^ lines were skewed toward the recurrent parent 
indicating that modifying genes were present. The modifying 
genes would account for the variation in chlorosis resistance 
observed among soybean cultivars. 
The four characters were equally effective in rating 
chlorosis symptoms on the basis of simulated selection experi­
ments. Visual scores would be the most efficient procedure 
for direct comparison of genotypes because it requires at 
least 50 times less labor than chlorophyll determinations. An 
objective chlorophyll determination may be preferred for 
research studies in which chlorosis is evaluated by different 
persons in different environments. 
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